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Removal route of ammonia nitrogen in purification process of low
temperature groundwater containing high concentration of iron
and manganese associated ammonia nitrogen
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(Beijing University of Technology) , Beijing 100124, China; 2. State Key Laboratory of Urban Water
Resource and Environment( Harbin Institute of Technology) , Harbin 150090, China)

Abstract ;: To explore the removal route of ammonia nitrogen, a biological purification process operation test for high
concentration of iron and manganese associated ammonia nitrogen [Fe( [[ ) 9.2 - 15. 1 mg/L, Mn( I ) 0.6 -
1.4 mg/L., NH; =N 0.9 -2.0 mg/L] was carried out at low temperature (5 -6 °C) in a groundwater plant for
iron, manganese, and ammonia nitrogen removal. Results show that the filter column had good removal effect of
ammonia nitrogen at the initial stage of start-up. The analysis along the process and the adsorption test of mature
filter material and backwash sludge show that when the influent ammonia nitrogen was about 1. 1 mg/L, the
ammonia nitrogen was mainly removed by the iron and manganese oxides in the upper part of the filter layer, and
the removal rate by biological action was very small. In order to further explore the biological and adsorption effects
of filter column on ammonia nitrogen, gradient was used to adjust the concentration of ammonia nitrogen in influent.
With the increase of the influent ammonia nitrogen concentration, the ammonia nitrogen removal by biological action
increased. Under the condition of influent iron and manganese concentration, the ammonia nitrogen removal by iron
and manganese oxides adsorption was about 1 mg/L in the upper 20 c¢m range of the filter.

Keywords: low temperature; high concentration of iron and manganese; ammonia nitrogen; biological action;

adsorption; iron and manganese oxides
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1.1 XWRE

SEH R E N 3 HEAF IRiEAT 3 A iR
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A3 000 mm , BEIE S S Y 1 600 mm. 1 5412 5
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IR NIEERETA 400 mm YRETRAT, 24 M 1.2 ~20.0 mm.

K
—_

ERbHEO
) kit
BRAUE FEK ! Ln st
_\‘ . | 1 3K TR

pris]
=
EF
NH,"N
K HAKTET gk
= -
RPSRRET  HAKEIT
KIHESEK 1—: SRR

B1 KR

Fig.1 Diagram of reactor
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A 7K IR AT I, KR AR RS E S ~6 C. 1 S 3E
FEFESERRRTHAE K A K T Bk SR K, SE 56 5 1

FHUE S0 22 1] 368 3t B /K o oin A BR R 24 [ (NH,, ), SO, ]
TAC FE IS 4 1 7K LA I a2 7K v A 2 0 e A
2 S 3 S B AR ARSI AR R R KT KRR
JEK. JROK EEOK AR A T K| S ~ 6 C,
Fe(Il) 9.2~15.1 mg/L,Mn( Il ) 0.6 ~1.4 mg/L,
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NO, - NJE &, SR fe 4 < 1. 8 mg/L, pH Wy
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T R K.
1.3 XWHE

LA 1,2,3 m/h (8RB 15 .2 53
SUEAE , FEARYE K IR T R KR . Y AE
RIR (5 ~6 C)mgsma [ Fe( 1) 9.2 ~15.1 mg/L,
Mn( 1) 0.6~1.4 mg/L,NH; —=N 0.9 ~2.0 mg/L]
K, KR ispriad 7 d, BN et 5
IR B R AR A R R R T K v
T2 R LBk 4. S50 1 (] 58 2o 15 2 43 #r B
BT 2 1 2 R DX A
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(BR¥L) sNH, — N g4 [R5 e 3k s NO, — NN -
(1 -Z855) - C OB YL NOy - N 5840400

A A W R ARG I ik 2 R SRR [ 12 -
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SEECREE A L, T 120 CRIE 2 h JFHOHE & .
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FERE SR BVR , B 250 mL () 2 vk de K, Hoim A
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Fig.2 Variations of iron and manganese concentrations
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Fig.3 Variations of ammonia nitrogen concentrations
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Fig.4 Variations of ammonia nitrogen in filter column
2.2.2 567 KA 99 Kt =AMLk
5 0 1 SuEAELELs 67 KFEE 99 Kif =&
TR, ATLIE 45 67 REF#EKEE R 1.1 mg/L,
£ 20 cm AbFEARE O mg/L, AR T e b X 2 A 1Y
FRAEZER. 76 20 em YA LBRE N 1.1 mg/L,
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FA LB R EIE 100% , JEAEAE 2R E 20 em T
FEL N B T MR (9 U S BRI IeAh, W R 5
AR BT A R 0 mg/ L, E KA 0 o it
WEH0.2 mg/L,20 ecm A AYAE AR 0. 22 mg/L. iy
IRATAL ZE L N AR B I A R R A T
UEJZ AT 20 em JEFE A E K 1. 08 mg/L,
AEPIRE L 98. 18% . WA A 42 1L1EH
Bk B A AR R A A, B A P B R E R
KA B2, M H Ap (NH, - N) (AR Z Ak
i) /Ap(NO; - N) (fi A Ak i) B3I (6 N
101240 T g S oy rp gt UK 285 20 em () 8 )2
Ap(NH; =N)/Ap(NO; = N) Ky 55, L i & T2 A
M LRI Ap(NH,” -~ N)/Ap(NO; - N)
(BRI AR, H L AT LA T 2 A v R (SGE 2o il T AR
FH 2B, AR, LS fim, 55 99 K K & & 0
1.22 mg/L, 7F 20 em Ab &AL ZE 0. 13 mg/L, JR A
TR O A B R JEBRAA. 7E 20 em YA
REBREE R 1.09 mg/L, A LFRHE N 89.34% , Uk
HEAEDE SR EE 20 em U I RILH TR A L
BRACH. EAb, 0280 A A 2ok A v iy o e vk B 35
0 mg/L, #E/KHHE &0 i 2 ¥ B ok 0. 08 mg/L,20 cm
AL EIRE AR 0. 11 mg/L. f L AT AT, 76 03 [ N IR A7
eI R R BRI S, 7082 FepI 1 20 em S [l
WA R K & 1.06 mg/L, A R K & ik
86.89% . [alFE, R A LA /EF 2285, & A
SRR R R S, DEAE FR IR AN 28 Qe i e A
RE B K. Mk, #EK L 20 em () 38 2 B
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FTRA =L mMAIEH LB Ap (NH - N)/
Ap(NOy —N) (B (E, i AR T 2 20 1T R &
AR LB

14 7 0.04
~ 12} = HETRER
O o SRETRIHA
@ 10 - HIORE R —.:
S ol v SEORFHE &
K + BORTE | o » E
% 06} - FETRIEA | =
] =
B 04) , o}
M o : v v v v v
5 02} =

o * VSR |

20 40 60 80 100 120 140 160 180200

IR B /em
5 H67RME I XM ZABBETN
Fig.5 Variations of ammonia nitrogen, nitrate nitrogen, and

nitrite nitrogen concentrations in filter column on the

67th and 99th day
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FHZ285, 0 Ap (NH, = N)/Ap(NO; - N) fyHLS (A
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e, 2 W KT E B S L # & CANON T
ST R RSB AT E A 67 KA
99 KA, K Zad 20 em WEJZRS Ap(NH, - N)/
Ap(NO; —N) 4351k 55 Fi136. 33, i it i T & A 4
Wit CANON i 2 25 bR i BS (., N TE RS LN &
CANON T Z S HMTEE N, HAERE Ao b If ik
AW Z B, BT g, A S8 P O R AR A
CANON 3 2. bk, NE 5 AT LR iR A AL
SRS RGN, TR —E SRR . it —
AWM AE IR 2 20 em 38 Bl 2 AU L BRig AR, DLER
67 R A, X4k 4 DO 47537
2.2.3 567 REHE 4 DO i AR {L

& 6 A, K8k 11,74 mg/1.,20 em 4b
WA 0.6 mg/L, /K4 T i e B2 1. 06 mg/L,
20 cmAh ()55 BT B W B 1. 03 mg/L. 13K 1 AT,
K20t 20 em JEZ BRI R 11. 14 mg/L, iy
THAEMIE AR A 1,593 mg/L, JEK 223t 20 cm 382
ZEBR A ER 0. 03 mg/L, BT H 8 1 % i AN
0.008 7 mg/L,#7K %] 20 cm Kb V42K FNEh it 1 #E 1Y
i 4 (DO) L% 1. 601 7 mg/L, #E 7K DO Ky
8.91 mg/L,20 cmik#) DO &y 7. 22 mg/L,ﬁﬁjﬂfﬂ(é’é
1 20 em AbJEHEFTIEAER DO 4 1.69 mg/L. HIt,
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Fig.6  Variations of ferrous, manganese, and DO concentrations
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Tab.1 DO calculations on the 67th day mg/ L
i ik 20 cm 4b AR A PN R TR DO A AR & i RE DO BRI DO
Fe?* 11.74 0.60 11.14 0.143 1.593 0
Mn?* 1.06 1.03 0.03 0.290 0.008 7
1.601 7
NO5y 0.20 0.22 0.02 4.570 0.091 4
DO 8.91 7.22 1.69

[FIFE R 1 1, #E 20 em Ab il AW 7= R
0.02 mg/L, il i i feAE A 0. 02 mg/L il & T T
) DO 24 0.091 4 mg/L, 5 LR BRE A i DO
Y, MOA RS A R AR E R R, H A
0.02 mg/LINEAS SHHAAEN , #4191, 08 mg/L
RARLBR I B A W AE DO, BON 7R I8 2 P
20 emyig B P 2 20 2 A W B AR FH 22 B3, S0 #)/ )N
T3 G A A ] 25 B B2 gk K A R R v
1.1 mg/LA, 75 38 )2 fie 38 20 em 35 Bl P 3 2 I
TER BRI A N 1. 08 mg/L, 295 /K & A W
98. 18% , Mid I AEMIVEFH BRI A NH 0.02 mg/LL,
2y KA 1.82% .

2.3 ERERRESW
2.3. 1 JlIERL K g e it 2 AW R R A3 AT

1 SUEFEIE 1T E 5 60 K AL 67 K4 5 it
10,20,40,80, 140 cm 14 38 6} 1 JE2 0 B 44 5E 40 A7 38
I MR 2 A UERHESS 60 I T AR RN , T Z W%
HXT R A AL LBRAGFZ M, f e o] F03E 2 50120 em
91 T PN 2 R AN 2 3 2o Rk %) W A FH B

2 ORBIRMHRIE R
Tab.2  Adsorption test of filter material mg/L
6 bR R W R v
10 cm 20 cm 40 cm 80 cm

IR} fi)

140 em

%560 K 1.498 1.496 1.502 1.494 1.497
6T K 1.501 1.497 1.499 1.496 1.499

pUFAER) =1.500 mg/L

FEE 67 RATHL 250 mL b PEdEAT 2 min B A9
S MR IR AK TR A5 R, A2 A I EURT A 280 Jo £ vk
4> 314 0.37,0 F10.33 mg/L, HHL 500 mL 4%
Frari o 1.7 mg/L AW, IR G R4t
FASIE A O EFIAY AU = W B 40 1.26,0
F10. 11 mg/L. W5k 3 Fron , 7R3 1l 78 v AR i
R BT B R R A4, i IR, 2 U VR
(IR IR AE M VE TS Ik, B A WS R vhidk
Je/KIRA 2 min J5 SEFR A 220 2000 Gk B LB R
5T 0.2 mg/L,{{ 4 1.06 mg/L, 0] %1 52 tpsk U X428
RAWMER. ZF2E R S5 ople /KBS 1 d 5
M A e 1.25 mg/L, 5 ARR S

S b kU KIR A 2 min Ji5 20 05T i IR AR LG, I
PP 11 2 20 S A A 38 R, ] R A A ) 2 S
A S b BRI KT & 1 d e Y 2 % e BE I, X
AT T HEFE, 5 SO b e b R 1 22 20
WA, AT A TR, e T — 2
YA R R AR 1 A AR LB 1 ke I B
X 28 RIS IR K TR A U R R v i
SRR, A I = S RS B e e KR & 3 d
JE IR A W Z AT BE I R ATt B
L3 A TR, A U R O 0. 64 mg/ L,
TERA TR T , Z RS e B2 W] AR, i 1
AL, S gt e S A R I R fE
®3 RmERRMRESER
Tab.3  Adsorption test of backwash sludge ~ mg/L

Wi ok RAH RE R RA
ek wfE 2 min 1d 3d

HE 0.37  1.26 1.06 1.25  0.64

¥67T K TH 0 0 0 0 0
& 0.33  0.11 0.11 0.11 0.11
HAE 0.41 127 0.98 0.54  0.52

70 K TA 0 0 0 0 0
A 0.36 0.12 0.12 0.12  0.12

N T WIS 67 K, RS
PEIKIRG 1 d MR ESRE 2 min )5
A0 B2 U AT LU 3G T 75 2 B S TR Y, 7
55 70 KREUZ PRI S BEA T AL B 1, 7E 4G
M RIS Sk IR & 1 d e B & R
PR IFARX AT B, 075 1 Ak A1) 22 260 Jo i e 22
U 0. 54 mg/L, W] /N T2 R0 -5 B e e K
A 2 min J5 AR AR, dtnT RIS sE , 7658
67 R RIS PP E 1 d R IR
EE SRS 2 min J5 A9 SRR U AR HE
Jee SR RS ) S SRR B AR T L. IS, e
6 I, WAKTE 20 em kb LERZIRG, NIL, B A
P F2EAE G R N I, T B2 e D8 B3 R o3 I 2
PARRAR ALY o 5 RIS el [T S nl o, B Rt 2 7
20 em ARk F IR, R Bk B AT A R] ) 25 Bk
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DX Ta], i—2B R WA LRSS 2 20 em 35 il A 2 R0 i

R AL B S .

> G4 R 1 W AR 25 B I BEAS 23 TH AR DO i
ANSEAC S AL, T2 ZEGE 1 A VR B AU #E
DO, M H A RS AL, FEOK P AR Z 3G 0. g
B FEF R w2 R X 2 A W B Ak 3
PRI, SRR XoF 2 S0 118 W2 ot B e W B A T Bl 2851
MR, Rt , AT L 220 o) ot 22 2R W FEE AR . FR
2 e R a2 2R A R R 6 T A, s mp e e X A
AR W R T sz gk 8 3 B B e A Ak
YL B, HE st AR Al I A 22 AR U8 )2 L
20 cm Y [ P9 B2 B, I kR AE DL S B N &
Bk, W B AR A Y 2 BR DX TE], n] TR S Ak T 2
RAT AR 5 EL W AR o B vl A0, Rk kA b
Py BT A DR 2 RAL 1) 2 E U i AR 25 Bk

&S AT, DR AT R AEZE B s A R R R 56 67
KIFHKEEN 1.3 mg/L, H7K SR 0.36 mg/L.
20 cm AP A 0 mg/L A A M 0. 22 mg/L,40 cm
AR 0.05 mg/L FHE K 0.26 mg/L, Z J5 T2
AN 0 mg/L. MHE 20 em 5 [H NP A ALY
W FfFY) 1. 08 mg/L )2 & P A 0. 05 mg/L g ik
FPE)Z 40 em 4b, HTEJEJZ 20 ~ 40 em A
0.04 mg/LINZE RS S EAAE R, A 5 B0 B 5 i
8.33% . K, B kA AL R B Y s R R A b —
BB AR B K . Ho L 6 w] g0, W AR IR AE R DO
% Fe( 1) Mn( 1) .20 cm JE [N 0.02 mg/L 114
ARV 20 ~40 em PELAFEI % 0. 09 me/L A
AT . BGE A R AT W S BR i AR
29 10% B e, H-48 A0 R IE R RS 260, R4 S8 Te i
A %) 2l 2R A B BRI I S K 5 R S A
—EYHE A, L, s I A R DA A B K
. BT K Ok S R i TR A R E
BRER AL RENE AN (BT ™2 r e B K P i 2L

AR AT, 25 LK) Bk B SR KA SR S5
PR, KA AR R 1.1 mg/L, 782 i
B 20 em ] P 38 A R A W B 2 B Y 2 A
9 1.08 mg/L, 2y i /K A 98. 18% , T o 2E
PIER LRI AN 0. 02 mg/L, 2 4 #E 7K 20 A
1 1.82% . pH I AT, 7 ok 78 v =0 & 2R A
055 , R — R A A A YR Re R e Tk
IR E I R, IR A MR Y A X ' A W
Y LBREH.
2.3.2  PEHEXTE AN D E LR RE S AT

& 3 (a) ATHL, 1 S8k s tT 25 117 REFHE
HARKABAARABTEWEHR Y L2 mg/L 27 =
1.8 mg/Li}, MK & A H 0 F+ 2 0.47 mg/L, KA

RS R BE 1 3 T, (AT A o v X 2 R o
VR BRE. M AFERT 5 d 3817 25 122 KA, i
IR AN B WL 2 0 mg/L.

h T i — 2 BRAT BEAE E R A gevE fE
LI 1 S UEAE B 1T B4 129 K K 6 3E 47 43 7. 4n
K7 (a) s, i K @A AT R 200 1. 81 mg/L,
20 em AR AN 0.77 mg/L, A HIAE 0.77 mg/L B2
RIBEL AT 20 em P82 AL Z AL, Tk K
MV AR BT B v BE 435912 0 F1 0. 1 mg/L,20 cm
S0V ZECFIRR 85T B K 4310 O 0. 12 mg/L, H.
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Fig.7 Variations of ammonia nitrogen, nitrate nitrogen,
nitritenitrogen,  ferrous, manganese, and DO

concentrations in filter column on the 129th day
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gih R 4 Al AL AR 20 em A S A N
0.77 mg/L, WA K 0 mg/L, fi§ &~ 0. 12 mg/L, DO
4 6.83 mg/L,WEkH0.26 mg/L, 4% K 1.01 mg/L,
200 cm 2 A& M 0. 13 mg/L, WA KN 0 mg/L, i &
$50.76 mg/L,DO & 3.6 mg/L, W4kHK 0 mg/L, 4k
90.08 mg/L, A A AHA DO 8k S 7E
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Tab.4 DO calculations on the 129th day mg/L
T H 20 cm 4b 200 cm 4k LA AL VR BE TR DO £ BB TR DO =# DO
Fe?* 0.26 0 0.26 0.143 0.037
NH," 0.77 0.13 0.64
NO, 0 0 0 3.430 0 303
NO5 0.12 0.76 0.64 4.570 2.920
Mn?* 1.01 0.08 0.93 0.290 0.270
DO 6.83 3.60 3.23

R AT, MK A AR B 1.1 mg/L
PETF % 1.81 me/L B}, @ i AE W/ LR A A L
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Fig. 8  Variations of ammonia nitrogen, nitrate nitrogen,
and DO

concentrations in filter column on the 134th day

nitritenitrogen,  ferrous, manganese,

LR 2.3.1 RN 2.3.2 37, M K Ak T i ok
[Fe(Il) 9.2 ~15.1 mg/L,Mn(Il) 0.6 ~1.4 mg/L]{#FF
ANAE IR B R K 2 R B R B RAD, kK
SRR 1.1 mg/L B, 7E98 )2 5 3% 20 cm
PR3 o R A P W B S BR A 2 Ak 1. 08 mg/LL,
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