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NO;
NO; NO;-N TN 6.45mg/(L-h)  4.89 mg/(L-h) ,NO; -N , 11.58 mglL.
., pH 10. 56 ,DOC 0.91 mglL. NO;  NO; , 0.33
0.60g/(gd) 0.37 0.45¢/(gd). 40kPa NO;-N TN , (5.97 +0.08) mg/ (L - h)
(4.25 0. 04)rTg/(L h) ; 25 kPa ,NO; ™ . pH 6
NO; -N 1.83 mg/(L- h) ;pH 8 ,NO; -N 3.13my/(L- h).
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Hydr ogenotr ophic Denitrification for the Removal o Nitrate in Drinking Water

LU Ca-xia, GJ FAng

(School of Environmenta Science and Engineering, Tianjin Universty , Tianjin 300072, China)

Abgract :Autotrophic denitrification with hydrogen as the dectron doror for the remova o nitrate in drinking weter was invedigated by usng a
bench- scde sequencing batch reactor in an atached groamth sygsem. Gas permeable membrane was enployed as the hydrogen diff user to inprove
the hydrogen mass trander and decrease the exploson risk. The results showed that nitrate could be removed dficiently with this techrology.
The remova rates of NO; -N and TN could achieve 6. 45 mg/(L- h) and 4. 89 mg/(L- h) regectively. with the highes accumulation of NO -
N 11.58 mg/L. pH increased to 10. 56 and DOC increased 0. 91 mg/L. A zero order kinetic nodd was proposed for NO; and NO, reduction,
with the kingtic codficientsin the rangesof 0.33 0.60 g/(g- d) and0.37 0.45 g/(g- d) regectively , The remova ratesof NO; -N and TN
were not efected with the hydrogen pressure higher than 40 kPa, with the vaues (5.97 £ 0.08) mg/(L- h) and (4.25+0.04) mg/(L- h)
regectively , while decreased remarkably when the hydrogen pressure was 25 kPa. The denitrification reaction was inhibited & pH 6 with the
remova rate of NO; -N 1. 83 mg/(L- h) ; pH higher than 8 was the favorale condition for denitrification with the remova rate of NO; -N 3. 13

mg/(L-h).
Key wor ds:autotrophic denitrification; hydrogen; gas permeable membrane; bidfilm; drinking weter
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1
Table1 A oomparion of hydrogerotrophic denitrification sygems
kut @ chag @ Lee [45 Rezaia 6]
Alcaligenes eutrophus
NOj3 -N kg (nP-d) ! 0.13 0.6 0.7 0.26 0.41 0.8
NO;-N  /mg-L ! 25 2 25 5 12.5 300
/ 30 30 — 10
15 20
1
2
1.1 Table2 Parametersd the gas permeable membrane
1 Pm /mm /mm /i /kPa
; 100 mm, 900 mm, 7.07 PDF  0.15 15 1.2 0.3 100
L, 5L( )
s ok 1, NO;
1 ,  NaNO; KH;PRO,
D Ko HRO, NaHQO; , 3
3d,
AR AL 1.21 g NaNO; ( NO; -N
AR 40 mg/L) 3 d
[B] Fe 2R 3
12 h.
1 3
Fg.1 Sap of the eperiment sygem Table 3 Conposition and characteristic of the synthetic weter
’ 0.3 mglL. NANOu/grL - 1 0.242 0.242
, , 9 ( N 4mLY ( N 4mgL Y
2 KH,FO,/g-L ! 1.1 0.11
KoHPO,/g- Lt 0.9 0.09
(DGH300) ! ! NaHQOs/g-L ~* 0.8 0.4
) Mm.L-t 1.0 1.0
, ’ pH 7.22 7.89
, , 1.3
, 40 KkPa: NO; NO;, pH DOC VSS
e 0.2Um ,
( 25 mm, 0.235nt) , (DX600) NO;  NO, , ToC  (

.35L/h

TOCVCPH, ASFV
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3
(disolved organic carbon ,DOC) .pH  pH  (sartorius
PP-15) . )
6L, VSS.
2
2.1
, 2
40 kPa
,40 kPa 5.9
L/(n-h) :
, 60 kPa 28.5
L/(n’-h).
30
.
_ 25 -
? 20
g .
S 15 1
] .
=10
= .
5 * ¢
0t d T I I I
20 30 40 50 60 70
ASES)/kPa
2
Fg.2 Rdationship between the hydrogen flux throught the
gas permeable membrane and the hydrogen pressure
2.2 NO;
2 [2] .
NO; + H, -NO, + H,O (D
NO; + %Hz +H —»%Nz + 2H,0 2
- . D + 1
NO3,+2H2+H —>2N2+3H20 (3
’ NOZ-
NQ ’
NO, NG, , NG,
: (1) : NO;
NGO, : NG,

NO; -N
, TN
30d ,
0.260 g/L.
( 1
) ,NO;-N TN 3.62 6.45
mg/(L-h)  3.97 4.89 mg/(L-h) .NG;
3 . 3 NG; -N
, 2h NO;-N
2h NG; -N 4.86 mg/(L-h) ,
TN 3.00 mg/(L-h), 2 6h
NO; -N 6.45 mg/(L-h) , TN
4.49mg/(L-h).
, = 6h NO;-N
: 6 h , 11.58
mg/L.
50
& THERERE
40 & B AR
- A B
3w
E
o0 [ A
® . N
10 |- u
0 n .J hd " N
0 2 4 6 8 10 12
B f)/h

3 NO3-N NOz-N TN
Fig.3 Vaiaiond c(NO;3-N) , c¢(NO; -N) and c(TN) with time

1 mgNG; -N 3.57mg
( CCos ), ;
pH , 4 :
, PH :
10. 56.pH

pH
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12 NO; ,
11+ , NO; NO;
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10 | . ¢ '
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*
80_ d[NO, ,
| | | ! | = - Ky X 5
"o 2 4 6 8 0 12 dt " ®)
F fa)/h
d[NO, )
— NO, -N o/L-d) ;
4 pH Keo- N R
Fig.4 Vaiation of pH with time N = ’
NO; -N /(g d) ,
,10 h 1.20 ng/L 2.11 50
mg/L , 0.91 mglL,
4mglL"™ . T
25 E
b
20 "
]
8 o " n 12
a
05
Il 1 Il Il Il 6 ,\DS-N
0 0 2 4 6 8 10 12 Fg.6 Vaiaiond c(NO;s -N) with different co(NO3 -N) with time
i [a)/h
50
5 DOC 40
Fig.5 Vaiation o DOC with time 3 50
E
. _ ® 20
2.3 NO; NO, ®
10
' 0
NO; NG, 5 40 mg/L 10
, . 6 7 NO;-N
7 NO; -N NGO, -N Fig.7 Vaiation o c(NO; -N) with time
6 NO; -N 2.4
: 4 30 40 50 kPa ,
g T ™% 40 kPa 50 kPa ,NO; -N
d[NG; ; ,
— NGs -N ,o/(L-d) ; '
kno; NG ’ 30 kP2, NO;-N 4.75
NO; -N ,0/(g-d) , mg/(L-h). TN 3
0.33 0.60g/(g-d) ;X , 4.08 4.29 mg/(L-h)

JglL. NO; 3 . NO;
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Rezania 2.5 pH
NO, pH 6( Hd
NO; -N ) 8( NaOH ) 2 ,
10 . pH 6
4 NO;-N TN 5h NO;-N 9.13 mg/L ,
Table 4 Remova ratesof NOz -N and TN under different 1.83 mg/(L-h). pH 8 NO; -N
hydrogen presares 3.13 mg/(L-h). 4 10 ,
NOs -N ™ pH 8 .
kPa C(L-h) t S(L-h) t }
/ fmg- (L- ) /mg- (L- h) pH NG, ,
30 4.75 4.08 HNO,
40 6.05 4.29
50 5.89 4.21
25
m pH=6
) ; 20 & A pH=8
NG; NG, ) T ' N
40 kPa 25 kPa,NO;-N TN H er ‘.o,
n
, 8 9  .NO;-N g 100 . "
2.95 mg/(L- h) 1.91 mg/(L-h) ;TN Sr A
4.29 mg/(L-h) 3.40 L S R S S B
mg/(L-h). NO;  NO; , i i)/
' ' 10 pH NO; - N
’ Fig.10 Hfect of pH on the remova of NO3 -N
25 2.6
* THRR LA (40kPa)
20 ¢ A WK (25kPa) ( pH
—_ 3
2 s A HA 7.89) , 11 12
‘é" I .
) A , pH
g 10F . 1
* ) .
T . s , NO; -N :
%o 2 § 6 8 10 6.45 mg/(L- h) 5.68
W my/(L-h).  NO;-N
8 NO; -N pH ' '
Fig.8 Hfect of hydrogen pressure on the renova of NOs -N ™ ! 4.49 mg/ (L. h)
4.64 mg/(L-h) , N
50
© TN (40kPa)
20l A TN (25kPa) 50 FETTm——.
- A I 40 A KRBUMBERR R
E" 30 | a R o A
& . 2 B
= 20 . £ A
® u
® . a 2 20 .
10 R a 10 | A
0 1 1 1 1 1 0 1 | ¢+ A
0 2 4 6 8 10 12 0 2 4 6 8 10
i /b B 1) /h
9 TN 1 NO; -N

FHg.9 Hfect of hydrogen pressure on the remova of TN

Fg.11 Hfect o phogpheate on the renova o NO3z -N
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12 TN

Fg.12 Hfect of phogphate on the remova of TN

3
(1)
, NO; -N 6. 45
mg/(L-h) ,TN 4.89 mg/(L-h) ,
NO; -N 11.58 mg/L. pH
7.89 10.56,DOC  1.20 mg/L
2.11 mg/L.
) 5 40 mglL NO;  NO;
0.33 0.60g/(g-d) 0.37 0.45¢/(g-d).
()] 40kPa 50kPa NO;-N
TN .30 kPa  NO; -N
,IN
25 kPa  ,NO;-N TN

(4) pH 6

(5) ™ ,

NG:s -N
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