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Abstract In this study, nano-scale Fe”, Fe/Ni and Fe/Cu synthesized with different liquid-phase reduc-
tion methods, were studied integrated with denitrifying bacteria to remove nitrate from groundwater. Batch experi-
ments were carried out to examine the removal rate of nitrate and the products of the denitrification in these three
systems. Also, the total RNA content of bacteria were studied to evaluate the toxicity of bimetallic nanopaticles to
the integrated bacteria. The results showed that almost 100% removal of nitrate was reached within 9 days in the
Fe’ nanoparticles system with nitrite transitory accumulation, and the ratio of ammonium to TN was 52% . The
Fe/Ni nanoparticles system significantly enhanced the rate of nitrate reduction, removing almostly nitrate within a
period of 6 days, hardly detecting the product of nitrite, while the ammonium of the final products was high to
69% . Nano-scale Fe/Cu system took 7 days to complete 100% removal of nitrate, producing less ammonium,
only 39% , but there was 33% nitrite remained in the system. Experimental results also showed that the toxicity
of these three types of nanoparticles to denitrifying bacteria should be in the sequence: nano-scale Fe/Ni > nano-
scale Fe/Cu > nano-scale Fe'.
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Fig.2 Comparision of nitrate removal rate of three systems

25 O B E R T BN G H AR A o AR &R
T LS B A A M DL AT T 4 R 48 K Fe”
TR ARk Fe 1K 2 R I i R A I B AR .
& AT Ni Cu B0 A KE i 7 550k 2 T A9 3 P
I, T3S A T Fe® 5K A NOS -N B £ fil 4L
219 AR R4 KA1k Fe' Fe/Cu #1 Fe/Ni
R R A R, 4 d 5 =R R A E R4
FRE, XJEH T NO, -N iy £ B ad b &R BE &
ALY A A B A B, 3 R R 2 T A £
PRI BLS NOL -N By A %42 il 52 21 BH A5 A T B2 A%
SN R 55 A R RGN KR 7E i A B A K

Az SR 8T B oy 1 P AT, DRI i o s 1 i AT, R
AT, BEM, /3 KK Fe/Ni 1 & f4h Kk
Fe/Cu 1 3 5V 4R AH XY H Bl 5 0 1) 3547, 490K
Fe/Ni (K Z i & F 0 5.5 T4k Fe/Cu (AR, X
S TSR R, SR A 4N TR A BT IR B, T — e i
[i) A 38 I AR5, LB B, 2 i £ 40 B ) A K A 45
ARAS VA VEARAS , T 0 B 0 2 K i e 22 | LG 3R TR e
R TR e PR B B, DR B R R DA Ak 2
fift ol o RRRE R SN P HEAT AN W B T AR 1T R
il £ 41 BT I IR 53 N 2R B, JF IR k4% RS AR AR
JF LA I B B 40 R I DA AR W R e 1 R o T
YK Fe/Cu Xt K2 Ak 240 B4 1) 35 35 VE AR 94 K Fe/Ni
AN RIS 00K Fe/ Cu K & SCAF AL AR T 5 T 9 K
Fe/Ni {k %,
2.3 IMERBMETWERER

FEAA B A A0 R AE A2 454 T, NO, -N K AR B
A N, HAl R = Py AR MEAS . f R 3 TR 4 nf
DL Mgk Fe f& & h NO,; -N 8 % T} 55 J5 R AR Y
Fath R R IE 21.5% , i NH,' -N 45 A i 14
ik Bl — e B B, b TR R A, ARk
52% . 4k Fe/Ni fk & i, NO, -N JL-F & # £
fHJ& NH, -N A= 5 20 28 B0 M 3220 i 15 o s 3%, @ ik
69% . 4K Fe/Cu KR Z , N H NO, -N & it AS Wi 3
fn, B B2 R fE NO, -N AR SR A 29 33% (3% B,
NH, -N &2 56 3 i J5 fao w4 kg 3, 4l &

12 39% .
350

—B— JpKFe fh R

. 30F —e—4kFe/Nifk &

> —2— ZJ)>KFe/Cufk &

% 25t

=

4

®

e

g

0 2 4 6 8 10
SRR [E)(d)

K3 BA T NO, -N A K

Fig.3 Generation of nitrite in denitrification process
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Fig.4 Generation of ammonium in denitrification process
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Fig.5 Change of total RNA concentration
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