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FEE . RN A i b NH, -N A BRI, 005 A i b 33E 1 7K FINH, -N ONO; -N \NO; -N | i BR Eh P8 4 SOl | 5
AN, LB R4 (dissolved oxygen, DO) Z548H5R, IR IEM A Z (0, 10, 20, 40, 60 cm) M A Yok}, B
G FEYIEEROR  XRE S A AR TR Y. SRR T ARYEHE K NH, NV BE 4328 3 N B 28— R =B B R AR T A
TG (KT A Z AN TR TR Z M) , RS0 E (K TR 5 # K TTHLEZ I 2248) 43510 0.94 | 0.32
F10.15 mg-L~" A7 Hi it 53#K PINH, -NUR AR A IEAHSCH: B 53K th s AR IR ER R BOR B A A X R S —BrBok
HN, T R B A A e R R 2 B T KT N, PRV R 14. 04 mg- L7 HUUK N, SFEVRE D 14.67 mg-L 7.
e 28 S R 1 M A AR P 2 S AL 4T ( ammonia-oxidizing bacteria, AOB) £ #8IFK 3 ¥ ULJE : Nitrosococcus . Nitrosomonas
Fl Nitrosospira. £ W)U th /K NH," -NYR EERS R i, A st v R AR i A7 30 G & i AOB IIFEH.
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Mechanism of NH, -N Removal in Drinking Water Biofilter

LIU Bing"?, FAN Hui', YU Guo-zhong', YU Xin’, ZHAO Cheng-mei', LI Qing-fei', ZHANG Shu-ting’,
WEI Bo®

(1. School of Urban and Environmental Science, Xinyang Normal University, Xinyang 464000, China; 2. Institute of Urban

Environment, Chinese Academy of Sciences, Xiamen 361021, China)

Abstract ; In order to explore the mechanism of NH," -N removal in drinking water biofilter, water quality parameters, such as NH," -N,
NO, -N, NO; -N, total phosphorus, permanganate index, nitrogen gas, temperature and dissolved oxygen etc, were determined in the
inflow and outflow of biofilter. Samples of granular activated carbon (GAC) at different height (0, 10, 20, 40, 60 cm) of the biofiter
media were collected and analyzed for the bacterial community with molecular biology techniques. The bacterial diversity in the
activated carbon biofilm sample was studied based on the phylogenetic analysis of sequences. The results showed that there were three
stages according to the NH," -N concentration in the influent. The “nitrogen loss” phenomenon ( total inorganic nitrogen in the effluent
was less than that in the influent) occurred at the first, second and third stages and the amount of nitrogen loss were 0. 94, 0. 32 and
0.15 mg-L™", respectively. The amount of nitrogen loss had a good positive correlation with the NH," -N concentration in the influent,
but not a linear relationship with the concentration of the permanganate index in the influent. The average concentrations of N, increased
gradually with the height of media in the biofilter, with values of 14.04 and 14.67 mg-L™" in the influent and the effluent,
respectively. Based on the sequencing results, the ammonia-oxidizing bacteria (AOB) in the activated carbon biofilm were classified
into three common genera: Nitrosococcus, Nitrosomonas and Nitrosospira. When the NH," -N concentration in the influent was relatively
high, the “nitrogen loss” phenomenon in biofilter was caused by the AOB.

Key words : drinking water biofilter; nitrogen loss phenomenon; molecular biology ; removal of NH," -N; nitrogen gas
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KA BN, -NAE AT 38 G A s S e O i 2
B, LT RO s n s A rp e e TR R =
KA SA LY & RIS SR Az 1 22
XA A A F K AA LY, =g P
(‘trihalomethanes, THMs ) | X X & & ( haloacetic
acids, HAAs) 55, DUTT 5 350 808 | BOmi o L SR A4
“CEEUHBRT ORI LT, VAR K s AR
FRHIE PR IR R, W R JE K R4y
NH,-NAT LI i 35 i f g 42 25 Bk, AN E AT LRI
ST AE R T L SR At mT DUAH B A TR 4.
PR, AR 5 0F B e AR K T B AR ) 8 b
ok b Je LA B AR A AT R R A R T
NH,," -NTER 7K A= Py v v 2 B i AL, LU
T b FBRARTS e S K H NH N i 4 R ok
JoT 9 P B AR AR

1 RS

1.1 x4

I GE T G2 o B M T K T 120 R v 18 3 42 e -
AT BERDRUZ A g, A= P E It i RS S 600 em x
220 cm x 350 em, H A FURHZ R 100 em (36 7 5 )2
75 70 em , A1 9RPJE T 30 em) , ARFEJE T 30 em. A2
JEMbAZ A TR SRR T KR 150 em, RS, B8k
6.8 m-h™ A A, TAEFAWI 24 h, S bkt il
BAERZ KRN 20% ~30% , 2 i) 5 ~ 6
min. AP R T 3.
1.2 IETE

Pl A i (e R R 48 ) - e i R b 45 4
(FRE:)"; NH, -N. KAz BR-IR S R #5006 1
NO, -N:N-(1-Z555) -2 MG BEvEYT; NOS -N, %
SNV Bk IR E Y R
i MR B . pH/DO HQ40 {5 48 =X 7 fige 480 I 52 X
(Hach, 3 [H).
1.3 JKFEP N,

IUAS [R) JEURE 2 5 0 7K FF, 2248 M A 2114 10
em, HAE 1 em E@ﬁ%lﬁ%qj, 7 B ) B B A4S o
ABEHIY ZnCl, (50% ) 1 mL, SHIEE A S
¥, AR 2 % 5 2 30 P R B g o b 55 08 E
WFFE P/ BAG IR IL g0 3 ol I A AR B SO e
1.4 S FAEYARE
1.4.1 APE0EH B 510897

PR HH K AR i 6 b b AS TR 2 = 08 (0, 10,

20, 40, 60 cm) FEHEAIFEL, — 80°C 12 R IR,
1.4.2  FE5H DNA $2H

B AR 25 5 g WA HEURHRE b (B4
R TEPEA D ORISR A FAT) . 43 3 A 4
5mL 0.5 g BNRAF0h, A ik (198 W) RT3 s
1510 5,40 W KA ( - 100°C)5 min, B IIHA
100°C ¥t S 523 YR B mL ZU#ROMAZR] 2 mL 2
O N4 pL Lys, K 37°C ,30 min; fiIIA 4 wL 8 M
fif§, 3237 ; 55°C KU 30 min, [IWGHR Y ; INA 170 pl
NaCl, 140 wL CTAB,34 pL SDS,#E%; 65°C /KA 10
min; 1300 remin " 4°C &0 10 min;; AN FRE B
W, OAGHTY 2 mL B0 5 AR SRR - S84 :
FeIEE(25:24: 1) /NCABRINA B DA i8558 5% L
T, 4°CE. 10 min, W EIEBOMART 2 mL B0
(HVEZ , B FATR) 5 INARRFRGE 5 S s
(24: 1) /NI A B4 R RIRSILT, 4C 8
0 10 ming BCEBINABE 1.5 mL, A 0. 6 f514k
FURNEE, IR 2T, —20CULPE 1 h, 1400 remin "' &0
10 min; 8 W, N 75% B T DTE BT
1400 r-min "' B0 10 min, Bl 28, 1 55, 76 8 F4x
LB M40 pL TE EMFIITE; - 20°CIRFE.
1.4.3 PCR Y"1

20 pL PCR Q& & 40 °F . H,0 14.65 nlL,
Buffer 2 pwL,dNTP 1.2 pL, 514 1 0.5 uL, 5% 2
0.5 pL,Taq 0. 15 pL,DNA 1 pL( i FEAEVK |
B, A PCR &G P ECH ). §7 8 & 140
95°C FilAE M 5 min; 42 F K2 95°C A 1 min,50C
1Bk 30 s,72°C ZEAH 50 5,35 DMEFR; 72°C IEfH 10
min, {5 1 T 8°C.
1.4.4 HJK

FHHER T 15 DNA ¥ 283 1. 0% i BHEE IR
FLYK , UK ELAREAE AN T 21 mL 6 x loading Buffer H1
1.2 wL ZOEER IR A 5T L 1. 0% B R bEEE
J5&; F5 2 L PCR 774#5 1.5 pL loading Buffer i 7E
—iE RS TE AL BIR G A ABRAL, $ Rk
AHLGKAE ; i1 60 ~80 V HLFE; PCR 7=# Lk DNA #t
Ji2 Il i fb i) S atifk.
1.4.5 MpgsR

8 PCR FA¥ B 4% ) g LAY H R AR
N BEATINT PR ABI3730.

2 SRS

2.1 WFFEIARIAR K A= Py it 37 KoK R
2008-07-06 ~2008-12-15 X1 7K A= 4 3 St 14
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mg-L™"5 DO V- 3 4 2 R 7 4908 B 43 5 7. 14
mg- L™ H128.7°C ; 55 BBt NH, -NFI1 S 6 R £k 45
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B 1
Fig. 1
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M 2 BT LLAENGE, #E 7K B NH) -N | NO, -N |
NO; -NFll 5 % R £ 48 HF 1k B2 43 5 o 4. 39

BOE A 4y 59 K 2. 68 mg-L ™' F15.99 mg-L~";
DO V- ¥4 e i F 7 430 B 43 51 10.2 mg-L7' A
16.2°C ; 55 =R Bt . NH," -N I =5 % B2 5 15 $0F 2k
JEJ3M 1. 65 mg-L™'F15.31 mg-L~"; DO FHuk
JE ISR 705 4 13,1 mg- L~ F16.3°C.
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Fig. 2 Variations of inorganic nitrogen and permanganate index at the first stage

ME 3 ] LLAIGE , #E K HNH N, NO, =N
NO; -NFl = 4 R 5 48 207 ¥k B 43 501 2. 68,
0.341, 1.63 F1 5.99 mg-L~", H} /K ¥ NH, -N,
NO, -N., NO; -N il /= 4 2 £h 18 £F 25k B 53 01
1.55,0.151,2.63 F15.28 mg-L~"; #HKhIEHL
RZ 20 B 2 il R 4.65 mg-L~" Al 4.33
mg- L~ SEH A T HIE R 0. 32 mg-L'l.

M 4w LLAGE, #F K J NH, -N | NO, -N |
NO; -NHI = 4 BR £k 98 807 & B 73 il o 1,65,
0.21, 3.25 F1 5.31 mg-L™", i 7K # NH; -N,
NO, -N \NO; -NFil & 4 B2 £5 48 BOF 2% B2 23 01 hy
0.41.0.01, 4.56 F14.69 mg-L~"; #k K IcHl
RZ T B B 47 5 R 5,12 mg-L™" Fil 4.97
mg-L ™" SERE TR E R O0. 15 mg-L'l.



2397

FHAR A= 9 P9 69 2 R L

TR

A

A

7 ¥

5
b1
JE

X
(N,) ¥

e
ib)
A

ooy
.
B
A

HIES

i

i
%A
K L

A LIEXZR (R =0.30) , lE A A

B i -
X I
TE 2 "
~= WK % o
S— HE g E T
L pn . ’ &
e junng pe O
. SERY 3% :
2 TREE X g%
R Bl 7
K + < K
| | | Jm _tJ VIA m/v|A T L/ui | | | Jm
.hm Ewﬂ oo Ei .hm | | | | | |
w o -+ o = W K = Z % © -+ ™ =] w o = = - <+ e =
O = = ] : ! !
TS b _%J == W - TR T e s s S =
LR EE RN bE 1B B
‘ S T ‘
- T-au] &
T % 2 - -
oo o =+ (=] =] w

175
5.
2
0

-N

MR EHLE

MR LR
Fig. 4 Variation of inorganic nitrogen and permanganate index at the third stage

QAN
%

)

R
T EH
K PNH,
14 H2E Bl 32 7K
h e Bk

@g’gi
%‘Q

; N
\
\
N
)

ik
&3

Fig. 3 Variations of inorganic nitrogen and permanganate index at the second stage

ik

Eif}
.
R

& 4

ES

i
il
T

AT
%
=

S
PIEZ

—u— FHLEER

NO; =N

777 NHy N —8— JoHlE SR

(T Bw I TS £

/K NH
A=
R

P
W R
TEREE 3,
3 ” =]
3 v <t ~ 5
gL 3 E 52
.hm = o mlA . %
Z ¥E oo 4
] i & = = z z % ~
B \\w\\\\“\“\“\m ¥ |ml a Sm N ] h.
i B Azwm .m‘ & T.m A =S
ME g o WE | 272
> TROWR = N ®
z RN N 1
1 1 1 +_4 :ﬂ. PONY ammi = - 1 1 1 L L L 1 - L
o < < o o B R E® g v P v P N 2 9w 9 = o ©
el i — < “ :.7 %m.r = = P — — - = = = =
1T Bw e =2 z
=" +_4
= =
Z
+

A BRI
WS

2.3

1

HEK SRR R R /e L

==}

o=
izl

RESRS

= 3
H

ThER Y

Fig. 5 Linear relationship of nitrogen loss and NH," -N, permanganate index

=

HEKNH, -NF0

B s

HERNH -N/mg-L™!



2398 AN 5%
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FES—Br B, 7K N, (0 -2k B B o 2B
HERZ B AR LI 6 Fras. WHATLIE N, 1Y
SRR TS K N, SR E R 14. 04
mg-L~" K N, PR 14. 67 mg- L~ FEI7E
HURLZ Fif i 20 em TGN (0 ~20 em) N, #REEHY
B BE A bR, M 14.04 mg-L 7' 48 0 F] 14,62
mg- L~ X BB AR08 b A N, A B, R R AR A
BHZ 0 ~20 em, N, Ve B 138 i B s i, [R) A ]
DN B —Bir B AE Wy kit 9 TE ML AU A A BN fifi 15
TCHLAE 7 fit.
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Fig. 6 Profile of N, concentrations at different height of the media
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