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Figure 1. In-situ experimental equipment (A, B) and temperature distribution of the reservoir (C).
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Figure 2. Changes of nitrogen concentrations in hard flask experiment system. A: changes of nitrate concentration; B:

removal efficiency of nitrate; C: changes of nitrite concentration; D: changes of ammonia concentration; E: changes of

total nitrogen concentration; F: removal efficiency of total nitrogen concentration.
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Figure 3. Changes in total dissolved nitrogen, TOC, ODgq, T, DO of hard flask experiment system. A: changes of
total nitrogen concentration; B: removal efficiency of total dissolved nitrogen; C: changes of TOC; D: changes of

ODy; E: changes of pH; F: changes of DO concentration.
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Figure 4. Changes of nitrogen concentrations in soft flask experiment system. A: changes of nitrate concentration; B:
removal efficiency of nitrate; C: changes of nitrite concentration; D: changes of ammonia concentration; E: changes of
total nitrogen concentration; F: removal efficiency of total nitrogen concentration.
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Table 1. Changes of nitrate, total nitrogen, ODg,, pH in hard and soft flask experiment systems

0.5m 5.0m 7.5m 10.0 m 12.5m 15.0 m
Parameters
H* S* H S H S H S H S H S
Nitrate/(mg/L)
0 5.20 5.20 5.20 5.20 5.20 5.20 5.20 5.20 5.20 5.20 5.20 5.20
72 0.00 0.61 0.00 0.00 1.10 2.05 1.34 2.23 1.87 2.54 2.13 2.67
120 0.09 0.42 0.08 0.23 0.12 1.29 0.01 1.69 0.65 1.91 1.19 1.88
168 0.00 0.56 0.00 0.09 0.04 0.02 0.00 1.01 0.00 1.72 0.03 1.83
Total nitrogen/(mg/L)
0 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60
72 2.94 3.32 2.50 2.23 3.13 4.36 4.00 435 441 4.56 3.98 4.75
120 3.19 4.01 2.65 2.25 2.76 3.97 3.50 4.51 3.46 4.66 3.54 4.85
168 2.79 3.73 2.16 221 2.45 3.14 3.11 3.57 3.54 4.06 3.43 4.00
ODggo
0 0 0 0 0 0 0 0 0 0 0 0 0
72 0.055  0.062 0.079  0.051 0.052  0.046 0.050  0.043 0.042  0.040 0.035  0.036
120 0.017  0.006 0.014  0.018 0.024  0.047 0.063  0.050 0.065  0.049 0.047  0.050
168 0.008  0.007 0.003  0.003 0.005  0.016 0.018  0.025 0.054  0.038 0.052  0.042
pH
0 6.98 6.98 6.98 6.98 6.98 6.98 6.98 6.98 6.98 6.98 6.98 6.98
72 7.45 7.37 7.31 7.66 7.08 7.74 7.69 7.69 7.58 7.04 7.50 7.76
120 7.12 6.95 7.48 6.94 7.22 7.83 6.88 7.18 7.14 7.14 7.32 7.33
168 7.19 7.09 6.75 7.12 6.70 6.71 6.71 7.02 6.83 6.97 7.45 7.05

* H, means the hard flask experiment system; S, means the soft flask experiment system.
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Figure 5. Changes in total dissolved nitrogen, TOC, ODy,, T, DO of soft flask experiment system. A: changes of
total nitrogen concentration; B: removal efficiency of total dissolved nitrogen; C: changes of TOC; D: changes of

ODyg0; E: changes of pH; F: changes of DO concentration.
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A DUE R AR R B dHar kA ARk,
A IR A H . SE R 8 R LAY T &
AU, 3 K R KR B I R 2
RN, CARIAARF T em R (BT
XFR ZHOK IR K PE K H0.1-1.0 MPa I XA
W58 A0 WL o R K R X T4
S A AL B 4 5 e A B 9 T /D G A SC ] ) S B

IR R TSR, 8 1 2 2K T e 11 /K e g
XTI U RE R, A ol S B g FH 4 LR IE SCHE
BT S5 B ) 2 7K TR K R R 7K AR L 1 L A
o BEE IR YRR UK 1 T, AR
R, LREEHRA, BALELRLE R, &40
IKRAE B 1) L BR 3 IA 550.11% . 61.49% .
56.24%. 44.50%. 36.80%#F138.73%, HJFIH Fik
F33.47%. 60.61%. 43.98%. 36.28%. 27.52%F/
28.57%. FR2JEN IR LI 45 R 1) £ PR R R
SRR A TS O, FR2h & W
FSEAE T ZE R LA, T RS IR X
KT (O K ) X &R G809 B & A 26 N
~0.7119/10.8034 % 0 & =5 T 8 TR T R 50
—0.4750F10.6418, MIZEGEER A HIKIRR KK
XF T4 A8 S A A TR B IR A AETE AR PERT, 7R
10 mPA X FAE S 2B A/ i Tk R TR
FE VR GRS R L A L L K R R
Xof USSR A B B R AR P AR R R, AR S0 R
FEE 2 R R H RGN, K #EkE
PIAEAEA TR o A5 He i B IR A B oe
KW MZNIERRRE . 2 BB PRk AR r 7K
TR ST RER ,  RTAE LAJS in a4 48 S il Ak T
PRI RS He 7 T R B4

® 2. WA TFESREM T RERAGIMEEEXN R AEXES

Table 2. Correlation analysis of environment variables and uncovered nitrogen*® in hard and soft flask experiment

systems.

System Parameters Depth Temperature TN-Re* DO
Hard flask experiment system Depth

Temperature —0.9377 1

TN-Re* -0.7119 0.8034 1

DO —0.4635 0.5768 0.1720 1
Soft flask experiment system Depth 1

Temperature —0.9377 1

TN-Re* —0.4750 0.6418 1

DO —0.0641 0.0059 —0.7005 1

* TN-Re means total nitrogen removal efficiency; uncovered nitrogen means gaseous nitrogen.
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Nitrogen removal characteristics of mixed aerobic denitrification
bacteria under in-situ biological inoculation

. . . . * . . . .
Shilei Zhou, Tinglin Huang , Shiyuan Bai, Xiuxiu He
School of Environmental and Municipal Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, Shaanxi

Province, China

Abstract: [Objective] We studied the influences of water pressure and temperature on denitrification, and detected its
nitrogen removal characteristics for providing evidence to remediate the micro-polluted reservoir source water.
[Methods] Mixed oligotrophic aerobic denitrification bacteria was obtained through enrichment, domestication, and
screening processes, which was isolated from sediment in the source water reservoir; and the nitrogen removal
characteristics was detected by an in-situ biological inoculation experiment (DO at 3—8 mg/L). [Results] Nitrate of the
hard flask system (with water pressure influence) was removed completely, however, at 0.5, 5 m water layer, the
nitrate removal rate of the soft flask reached 90.66%, 100%, other layers reached 99.61%, 80.55%, 67.01%, 64.73%.
No nitrite accumulated. Because of bacteria death, ammonia had a slight increase. At the end of the experiment, in the
0.5,5.0,7.5,10.0, 12.5 and 15.0 m water layer, the total nitrogen removal rates of hard flask reached 50.11%, 61.49%,
56.24%, 44.50%, 36.80% and 38.73%, however, that of soft system reached 33.47%, 60.61%, 43.98%, 36.28%,
27.52% and 28.57%. ODg(o and pH first rose and then dropped. The mixed bacteria had prominent nitrogen removal
ability between 11 °C and 30 °C. [Conclusion] The mixed bacteria have a strong adaptability to temperature and the

water pressure has a disadvantage to the nitrogen removal.

Keywords: oligotrophic, aerobic denitrification, mixed bacteria, in-situ, nitrogen removal
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