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Characterization of ammonia volatilization from polluted river under aeration

conditons: a simulation study
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Abstract; Most surface waters in China are eutrophic because of anthropogenic activities. Eutrophication typically results in
algal blooms and can lead to poor water quality. Nitrogen is generally recognized as one of the most influential nutrients
limiting productivity within an aquatic ecosystem. Nitrogen is also is one of the main factors affecting water quality. The
main reason for this phenomenon is that various organic materials including nitrogen—rich materials that exist widely in the
water column and sediments consume oxygen, resulting in a lack of dissolved oxygen. Artificial aeration is a technique used
to improve water quality of polluted rivers and is widely used to control river pollution in China and abroad. A large number
of studies on aeration have indicated that the nitrification/denitrification pathway is the major reduction mechanism of
ammonium nitrogen load within polluted rivers. However, limited information is available on the effect of aeration on
ammonia volatilization within urban polluted rivers. Ammonia volatilization is an important pathway facilitating nitrogen
removal within aquatic systems. Previous research on characteristics of ammonia volatilization facilitating nitrogen removal

from water focused on wastewater with relatively higher concentrations of ammonium. These wastewater types included those
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originating from dairies, wastewater containing slurry concentrations, and stabilization ponds treating domestic wastewater.
Furthermore, studies evaluating of the role of ammonia volatilization in nitrogen removal from polluted rivers through
aeration have yet to be conducted. It is important to conduct research that quantifies the extent of ammonia volatilization
within polluted urban rivers under different aeration conditions. This knowledge can indicate the extent of nitrogen removal
by different widely applied techniques for treating heavily polluted river water. Characteristics of ammonia volatilization
within a polluted urban river under different conditions were examined; aerating to sediments (ES) and aerating to water
(EW). This study was conducted using the indoor experimental method. Results showed that ammonia volatilization was
potentially suitable for polluted municipal river, where the average rate of ammonia volatilization was 0. 50 kgN-hm™-d™'
under simulated laboratory conditions. Compared to the control group (EC), aeration could facilitate and significantly
accelerate the ammonia volatilization of polluted river water (P < 0.05). The ammonia volatilization rate showed significant
differences under varying aeration conditions (P< 0.05). By the end of the experiment, cumulative ammonia volatilization
in group EWwas 2809.76 mg/m’, which was 1.17 times that in the ES group and 2. 25 times what occurred within the EC
group. With respect to the ammonia volatilization effect of the two aeration mechanisms, the EW technique is superior to the
ES technique with a cumulative ammonia volatilization of 1. 17 times that of the Es technique. Moreover, the first order
kinetic equation is suitable for describing the cumulative amount of ammonia volatilization under different conditions, by
which the ammonia volatilization could be predicted. The main factors affecting ammonia volatilization were analyzed. The
key factors influencing ammonia volatilization under a constant temperature were pH, ventilation frequency and ammonium
concentration. Aeration could facilitate and accelerate the ammonia volatilization through increasing ventilation frequency
and elevating the value of pH in overlying water. Under aeration conditions, the nitrification process could be promoted.
However, ammonia volatilization rate would decrease with nitrification. During the period of nitrification start-up, the values

of cumulative ammonia volatilization were close to the maximum under aeration conditions.

Key Words: ammonia volatilization; aeration ways; pH; nitrification; polluted river
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Table 1 Kinetic parameters of ammonia volatilization under different conditions

— /BN SI2FE IR N, = Ny(1-e7) Elovich 52 ¢,= a + blns WHLY W2 g, = a + 0™
e it First-order kinetics equation Elovich equation Parabolic diffusion equation
Treatment NO f rz " b rz " b r2
ES 2501.99  0.1706 0. 9899 223.49 762.21 0.9711 64.26 572.59 0. 8969
EW 2852.90  0.2031 0.9793 394.79 856. 06 0.9522  256.09 630.37 0.8420
e 1702.57  0.0671 0.9953 149. 82 446.86 0.9612  301.49 354.17 0.9936
ESA 1645.40  0.1241 0.9932 35.748  483.39 0.9759  278.90 456.31 0.9841
EWA 1969.55  0.1828 0.9726 129.47 658. 12 0.9752  254.98 603.87 0.9241
ESB 1157.71 0. 1791 0.9888 76.043  365.03 0.9776  151.49 340. 60 0.9612
EWB 1054.74  0.1620 0.9767 81.091  343.12 0.9703 125.62 317.32 0.9350

MIUE E BRI RCR B EAR S50 52 PR 38 SOR R, —Resh 1124 Jr B A A S PR
— R RRIUE I ERRE RBIE R B RN R, 54 A IR Bk &KL R B EW>ES>
EC, 2 MBS LA EL(1—13 d) , BRI B i R B N, FIRE R w8k RN R I
A% A BB FR PN EESES, B B BRI K ESSEW | HAE A BB (8K, Ui /K B S 7E B S s AT 72
T BB KA E I & . Elovich HRERHUAY BT R IY b (EHE R WL T RR SCE 4 2 T 27 R %,
FbA b (H RIS sl )12 RN 4518 —2,
3 itig
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