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Denitrification and Kinetic Characteristics Using Biodegradable Polymers as

Carbon Source and Biofilm Carrier

LAT Cai-sheng, TAN Hong-xin, LUO Guo-zhi, RUAN Yun-jie, ZHOU Wei, SUN Da-chuan
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract : The PBS material that in the form of insoluble biodegradable polymers pellets was investigated as the solid carbon source and
the biofilm carrier for nitrate removal from wastewater. The denitrification of nitrate removal and kinetic process were carried out in a
packed-bed reactor in order to remove nitrate in recirculation aquaculture system. The experimental results indicated that the optimal
influent loading rate was in the range of 0. 107-1. 098 kg/(m’-d) , when the water temperature was (29 +1)°C and the influent nitrate
concentration was in the range of 25-334 mg/L. The maximum nitrate volumetric removal rate of 0. 577 kg/(m’ -d) was achieved at the
influent loading rate of 1. 098 kg/ ( m’+d). When the influent loading rate exceeded 1. 098 kg/ ( m’+d), the nitrate volumetric removal
rate was declined. The kinetic experimental results show that the denitrification rate of PBS as the solid carbon source and the biofilm
carrier corresponds to first-order kinetics. Based on the kinetics characteristics, constants n and K used in Eckenfelder model were
deduced, which can be successfully applied for the prediction of effluent nitrate concentration. The two groups’ predictive values and
actual values were analyzed by using SPSS 16. 0 software for Paired-Samples ¢ test analysis. The Paired-Samples ¢ test analysis indicates
that the corresponding p >0. 05 values are 0. 553 and 0. 632, which proved that no significant differences exist between the predictive
values and actual values of the model.
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Table 1 Characters of PBS for experiment
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Fig. 1 Flow diagram of the experiment
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Fig.2 Effects of HRT on denitrification performance
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Fig.4 Corresponding relationship between the effluent NO; -N

concentration and HRT for different influent NO; -N concentrations
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Fig.5 Curve of kinetic of plug flow reactor for different

influent NO; -N concentrations
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0. KD g &2 EiRRAEE Eckenfelder HAEH n BEEEH KE
=g S g (9) Table 2 Constants n and K of Eckenfelder model for plug flow reactor

In —~
ST IANOSN e mammE anl ev Kf
n {5 X 3 nln e
A2 (7) HEAT A T LA F A (10) - B /gL
S 50 0.9799 6.1541 -6.1541 0.00212 0.0060
I - ln(?e)] = —ninl + In(KD) (10) 150 0.9815 6.8542 -6.8542 0.00105 0.0030
0 300 0.9887 7.1390 -7.1390 0.00079 0.0022

X (10) ", mAR E S, .S, D ML, AE
In[ —In(S./S,) JHl - InL HyLEMEC R IR, h B
{19 A4 A< RV B D AT LASRAR D5 2 A n {ELAN KL

%t 50, 150, 300 mg/LIt 3 44 kK NO, -N¥fe i
AR HE 3k 7K NOS =N JBE Rk g B 19 B0, 1o
Eckenfelder BRI JEAT 4. 181 5 /s LA — InL g
MR, L In = In(S,/S,) [ G b , AR e dk [l 19 45
B n 0. 9799 ~0. 988 7.

4 In[ =In(S,/S,)] =0,7] 53,
In(KD) = nlnL (11)
ninL
K =° (12)

D
Wk 2 s, MR e B AU fnal (12) , ) a]
VL SR AT 195 0 n (ELAS H AR N B9 K {2 0. 002 2 ~
0. 006 0 min ™"
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0. 05, 2 4 1 TUI {H 5 55 s {EL 2Z 18] 94 G 8 3% 1k 22
S, UE W IZARE A H A 35 v R HE A . 02 T T AR A 1Y 4

T B Sy 2RI R X AR AR A AE AT R B AT
120
(b) KRN H145 mg/L

100 |- o
— *
! a
2 80| a ¢
B .
1
2 60 G
i
E 40| 4
= .

20 o
0 °© 1 1 1 |
0 0.0005 0.0010 00015 00020 00025

7K 73 #.% /m>.(m®-min)™

E6 ZMEMMHKHRRENXER

Fig.6 Relationship between actual and calculated effluent NO;
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(1) Lk PBS Sy fiic Y F1 A= g R 480 A 1) EORE IR 2 i
fE R KR T EINO, -NHAT R 471 K BRBOR , HRT 2
P NO, -N 25 B 3R (1 32 22 K, NO, -N 2% [ % bifi
HRT ()34 hnim _E .

(2)7£ (29 £1)°C ,NO, -N¥& & 4y 25 ~ 334 mg/L
By ST, RO A B R G By 6 AR v Be. i K
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NO, -Nfiifii 7 1. 098 kg/(m’ -d) ] ik %] & K NO, -N
PRBLL B faf 7 0.557 kg/(m’+d) , £ b & i K 67t
faf Y BBl N, T AT H BT il 1R R R R R

(3) Lk PBS Ay fiie Y5 F1 A= ) R 488 A 1) SECRE IR 2 3
A TEHEKNO, -N#k i 2 50 ~ 300 mg/ Lyl [ P 2 i
A 2 A — G f Ny R A6 OC &R A U =X R N AR
Eckenfelder £ AU #L40L £5 H ¥ %0 n {H 45 0.9799 ~
0.998 7, % ¥ K {4 50.002 2 ~0.006 0 min "'

(4) X T 52 bR 57 58 1 7K, A5 AU (% 5000 {8 55 552 0
(B 22 18] TG 0 25 1k 22 . DR mg LR T 300 S g s
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