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Abstract— The factors affecting ammonia trensfer from water 10 the air were studied in Tianjin and Kunming
City of China. The mass transfer coefficient (Ke) was found to be a linear function of temperature, and in-
creased with increasing wind speed. Ke was independent of pH and concentration of ammonia nitrogen in wa-
ter. The Ke obtained in Kunming is greater than those in Tianjin under similar test conditions. The Ke has
been shown to range from 1. 03 to 1. 52 em/h in distilled water system. The estimated rates of ammonia
transferred from the surface 0. 2m section of Lake Dianchi Cachai water to the air were 36 to 242 pg - N/(L.
h) at different pH and ammonia nitrogen concentrations.
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1 Introduction

Information about disappearance of ammonia from water has been reported (Stratton,
1969; Weiler, 1979; Murphy, 1981). During two periods of high pH and high ammonia con-
centration, disappearance rates of ammonia of 20— 30 pg - N/(L. h) were observed in a hyper-
trophic prairie lake at which rates of ammonia uptake by phytoplankton were 2. 6—4. 3 pg- N/
(L.h).

This disappearance of ammonia was explained by mass transfer of ammonia from water sur-
face to the air (Murphy, 1981). The rate of transfer has been shown to obey a first arder reac-
tion (Stratton, 1969), and the mass - transfer coefficient was found to be a linear function of
wind speed and temperature (Weiler, 1979).

Though much is known of the biclogical transformations of nitrogen compounds the over -all
nitrogen cycle in a natura! system is extremely complex. To investigate the eutrophication of

Lake Diarchi, a nitrogen cycle model has been developed. Ten ‘processes were considered, and

+ The third authord
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the rate of ammonia transferred from water to the air as an essential parameter has been involved
in the model. The purpose of the present study is to obtain a typical transfer rate of ammonia for

the calculation of nitrogen cycle model of Lake Dianchi.

2 Material and methods

A simulated test device was designed and it is alike to a laboratory wind wave tank that has
been used for determination of the liquid - phase mass transfer coefficient of hydrocarbons from
aquecus solution (Cohen, 1978) and to a wind tunnel that has been used for study of ammonia
loss from water (Weiler, 1979). 7

The device consists of a power supply, an air blower, an air flow buffer room, a wind tun-
nel and a volatilize tank . as shown in Fig. 1. The tank was constructed in such a way that the air
flow joined the water surface tangentially. The air flow generated by the air pump entered the
tunnel inlet and passed through the buffer room which ensured an uniform distribution of veloci-
ty, and then was in contact with the water surface. The device was made of non - transparent
material in order to inhibit the growth of algae during the test.

The test was run in two kinds of medium,
S A one was distilled water containing ammonium
ﬁl <3 / / q ' chloride, another was lake water. The concen-

tration of ammonia in water can be regulated by

adding ammonium chloride aqueous solution into

L=
_20cm
. ..
s on

the water samples. The pH values of the test so-

lution can be adjusted with dituted acid or alkali
Fig.1 Schematic diagram of experimental device liguor without using buffer sclution because the

1: power supply; - 2, air blowers pH values varied in the range of +0. 1 pH dur-

3: air flow buffer room; . .

4; wind tunnel; 5, volatilized tank g the period of test.

Poured water slowly into the tank and then

marked the water level in order to calibrate the ammonia concentration in the tank due to volume

change caused by water evaporation. During the test, parameters such as temperature, -evapora-

tion of water were monitored. The wind speed was controlled via regulating the flow of the air
pump and measured by an anemometer,

At various time intervals 25 ml aliquot of water sample was taken from the tank through a

sampling - hole. For each sampling, two samples were taken from two different depths, one was

10 em, another, 15 cm under the water surface. The concentration of ammonium ion plus am-

monia in the sample was analyzed by the Nessler standard method (American, 1975).

3 Results and discussion

3.1 Equations related te the ammonia transfer
For the sake of convenience, the abbreviations AN, AN, TAN, H, U, TEM, t were
used in this paper to denote the un - ionized ammonia, ionized ammonia, un - ionized ammonia

plus ionized ammonia, hydrogen ion, wind speed, temperature and reaction time, respectively.
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The equilibrium of /AN and TAN in solution can be expressed as follows:

TAN (aq) === UAN(ag) + H(ag) o)

UAN (aq) —UAN(g) . (2)

Where K is the equilibrium constant which is defined as

x = [UANGag)] — [H{ag) ]
[IAN (ag)]

Equation (2) is a slow step. It represents the transfer of un - ionized ammonia from water

3

into the atmosphere. From Equation (2), the transfer rate can be obtained :

d{UAN@g) ] _

T — K[UAN(ap] . 4)

In the solution, the concentration determined should be the sum of UAN plus JAN, equal
1o TAN:

[TAN(ag)] = [IAN(aq)] + [UAN(ag)] . (5)
Combining Equation (5) and (3) gives
K
VAN (ag)] = m[TAN(aq)] . (6)

Substitute Equation (6} into {4), and ignore the change of pH value of the solution during
a 6h test, thus

d[TAN(ag)] _

R — KHTANGg)] (D

where £ is the reaction rate constant.

Equation (7) expresses the relationship between TAN and time in the loss process of ammo-
nia. Apparently, Equation (7) shows a first order reaction kinetic. In fact, when In (TAN)
was plotted against ¢, a least means square line was fitted, and the correlation coefficient was
>>> 0. 992 for all runs done.

An equation to describe the mass transfer process of ammonia through the liquid - air inter-
face has been reported (Weiler, 1979).

dlN] _ _

W
- Ke Z[UANT . , (8)

Where, d[ N]/dt is the variation of TAN, A/V the area/volume ratio of the vessel,
[V AN ] the concentration of un-ionized ammonia at a given pH, temperature and T'AN concen-

tration. Ke is the exchange rate coefficient or mass transfer coefficient and has the units length/

time. Combine with Equation (6), yield

dN] K A
prab KeK—+ EH]V[TAN(‘W)] . &l

To compare the Equation (9), with (7) we obtained
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Ko MK+ [HDV

o (10)

In practice, In TAN was plotted against ¢, from the slope of the least means square line, &
was calculated. The A/V ratio was 0. 05 in our test. It is similar to that of 0. 046 in a raft con-
taiher test (Weiler, 1579).

The equilibrium constant in Ejuation (1), K takes certain value corresponding to the mea-
sured temperature. When the pH value of the test solution are given, the Ke value can be calcu-
lated based on Equation (10).

3.2 TFactors affecting the ammonia transfer

Factors which influence the transfer rate of ammonia are more complicated in a water body.
As shown in Equation (1), the equilibrium of JAN and VAN is controlled hy the pH. There are
more [JAN in water of higher pH value than those of lower pH. The percentage of /AN in wa-
ter at pH = 8.0, at 20°C, is 3. 83 (Trussell, 1972; Zhao, 1891), large portion of TAN exists
in JAN form. When pH = 10. 0, at same temperature, the percentage is 79. 8 (Zhao, 1991),
TAN turns to UAN form. Therefore the rate is higher in high pH than the case of low pH. It is
evident that pH value of water will influence the transfer rate of ammonia. However, Ke is inde-
pendent of pH (Weiler, 1979). The reason is that the Ke depends only on the mass transfer fric-
tion of the liquid - air interface but not on the concentration of TAN in aqueous phase. Table 1
shows the relationships between Ke and concentration of TAN, Ke and pH, in distilled water
-~stem. The Ke values in Table 1 compared well with those found in the literature (Weiler,
1879),

Table 1 The Ke values abtalned in distilled water system, the abbreviation TANI denotes
theinitial concentrations of TAN in water

Items Tianjin Kunming Tianjin
pH 8.9 9.0 8.9 8.9 8.9 9.0 8.5 g9 9.0 5.3 10.0
TEM,°C 15. 9 16.0 16. 0 20.0 20.0 19.5 16.0 16.1 16.3 15.8 16.1
U, m/s 3.0 1. 3.1 3.1 3.0 3.1 3.1 31 3.1 31 3.0
TANI, mg/L 4.91 102 22.28 1L.08 11.21 11.19 11.02 11.01 11.02 11.03 1l.1o
Ke, cm/h 1. 05 1. 03 . 1.07 1.51 1. 49 1.52 1,02 1. 07 1.01 1. G3 1,09

A study on the rate of transfer of ammonia

1.2 from water to the atmosphere presented a linear
regression equation to describe the variation of

mass transfer coefficient with temperature, in

Ke, em/h

which Ke increased with increasing temperature
(Weiler, 1979). A similar result for the varia-

0.8 - L .
14 16 18
TEM,%C in our test as illustrated in Fig. 2.

tion of Ke with temperature has also been found

The wind speed will control the loss rate of

Fig. 2 Variation of Ke with temperature performed in  ammonia when other conditions are kept con-

Tianjin with a wind speed of 3.0 m/s stant. Mass transfer coefficient as an exponen-
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tial function with wind speed for the volatilization of hydrocarbons from water into air have been
reported (Cohen, 1978). For ammonia, transferred from water to air in a wind tunnel, the rela-
tion between Ke and wind speed has been expressed as a linear regression equation, and the
transfer process was considered to be controlled by gas phase resistance (Weiler, 1979), Wind -
water interaction is complex and is far from being fully undersfood. The most important contri-
bution from wind is in causing waves and modifies the surface hydrodynamics. When wind speed
is greater than 10 m/s, the relstions will be much complicated due to the water wave. The wind
speed ahove Lake Dianchi water ranged from 2.5 m/s to 3. 1 m/s. The wind speeds used in our
tests were 2 m/s and 3 m/s respectively. The results indicated that the Ke is smaller in lower

. wind speed than that in higher wind speed as shown in Table 2.

Table 2 The results for variation of Ke with wind speed in distilled water and lake water system,
the abbreviation TANT represents the initial concentration of TAN in water

Distilled water system Lake water system
Tianjin Kunming Kunming
U, m/fs 3 2 3 2 3 2
pH 8. 86 9.00 8.80 8. 87 7.50 7.50
TANI, mg/L 11.12 6.25 11,44 10. 53 11. 44 10.95
TEM,*C 15.8 16.1 20.5 20,2 20.0 18.7
Ke, ecm/h 1. 04 0. 81 1.50 1. 23 1. 03 0. 84

The effect of atmosphere pressure on the transfer of ammonia from water has not yet report-
ed. The Ke obtained in Tianjin and Kunming at the same test conditions (except the
atmosphere) are also listed in Table 1 and Table 2. In Tianjin City. one meter above sea level,
the atmosphere pressure is 1. ¢ atm. Kunming City, with an elevation of 1890 meters, the atmo-
sphere is 0. 78 atm. As a result of the effect of atmosphere pressure on the ammonia transfer, the
Ke obtained in Kunming are greater than those obtained in Tianjin. Also, the atmosphere pres-
sure effect not only on the Ke value but also on the transfer rate and rate constant of ammonia
from water to the air.

3.3 Ammonia transfer from Lake Dianchi water to the air

The wind speed above Lake Dianci water ranged from 2.5 m/s to 3.1 m/s. The average
value of water temperature is 20°C during the testing period. Therefore, the test runin 3. 0 m/s
of wind speed and at 20°C of water temperature. For Lake Dianchi Caohai water samples con-
taining 14. 81 mg/L of TAN, at pH = 8. 10, the measured average value of Ke was 1. 01 cm/h
(n=5, CV=4,6%). As compared to the Ke with an average value of 1. 51 cm/h obtained from
the test run in distilled water system at the same wind speed and water temperature, the former
is small. It is obviously that the water quality affected the Ke and is a yet to be further studied
problem. Adjusted the pH of lake water to 9. 10 a measured - average Ke of 0. 98 cm/h was ob-
tained (=5, CV =4, 4%). The average value of above two Ke was 1. 00. Put this value into
the following equation we can estimate the transfer rate of ammonia from water surface 0. 2m

section of Lake Dianchi Caohai:
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Ke« K A

TTEKFHIV

where A/V =0, 05 cm™*. For lake water, ignore the effect of water quality on K, at tempera-
ture of 20°C K =3, 98F -10 (Guan, 1991), at pH =8. 10, [H]=7. 95E - 9, ignored the unit of
[H], the calculated rate was 36 pg/(L.h) based on Equation (11). At the same temperature,
when pH equal to 9. 10, [H]=7. 95E - 10, the calculated rate was 242 pg/(L.h). For the sam-
ples of pH=28. 10 and of pH=09. 10, the observed average rates were 35 pg/(L.h) and 217 pg/
(L..h), respectively, under the same test conditions. Therefore, the relative errors between the
caleulated and observed rate were 1. 4% and 5. 4%, respectively. A maximum relative error of
10. 6% has been found from the data obtained from eight real lake water with different pH, tem-

perature and concentrations of TAN. The above results show that the measured Ke value can be

=[TAN] , an

used to estimate the ammonia transfer rate from water as long as the concentration of TAN, the

pH, temperature and wind speed are known.
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