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Nitrogen is an essential element in the environment. If excess nitrogen including NH, " is present in water, however, it can result in
algae blooming and eventually the destruction of the aquatic ecosystem. Therefore, the determination of NH 4+ in streams, lakes, and
effluents of the treatment facilities has long been carried out. The Nessler method is the most common spectrophotometric method
to measure NH, " in water. However, the result of the method becomes inaccurate if there are interfering substances such as Cl,, Cl°,
hardness-causing compounds (e.g., Mg®"), and Fe?* in target water samples. In this study, therefore, the traditional Nessler method
has been modified to eliminate the effects of interfering substances; the so-called MS was added to water samples. In addition,
the polyvinyl alcohol reagent as a dispersing agent was added to water samples to increase the sensitivity and reproducibility of
the method. The modified method could successfully analyze NH," of water samples even with the interfering substance at high

concentration.

1. Introduction

The nitrogen cycling in the environment is an important
process because it is an essential element for the growth of
all the lives; from a simple bacterium to a complex organism
like a human [1, 2]. In general, nitrogen is present in natural
water in the forms of organic nitrogen, ammonia, nitrate, and
nitrite. In the case of raw wastewater, nitrogen is normally
present in the organic nitrogen and NH, " forms. Ammonia
also can be naturally generated in the environment [3].

The presence of NH, " at high concentrations in a stream
or a lake can contribute to eutrophication, that is, massive
algae blooming resulting in the depletion of dissolved oxygen
in water and the subsequent devastation of aquatic life. There-
fore, many countries regulate NH, " concentration of surface
water and wastewater. Some examples of the regulation on the
NH, " levels of different types of water are listed in Table 1 [4].

Since aqueous NH, " is controlled by regulation, many
authorities associated with water regularly collect water
samples and analyze their NH," concentration. In general,
the NH, ™ concentration of a water sample can be determined

by a titrimetric method [5], the method using an ammonia-
selective electrode [6], or a colorimetric method [7-10].

In the titrimetric method, a color indicator is added to
a water sample, which is subsequently titrated with 0.02N
H,SO,. At the end point of the titration, the color of the
sample turns to a pale lavender color. The amount of sulfuric
acid used for the color change is proportional to the amount
of NH,* in water [5].

The method using an NH;-selective electrode is probably
the easiest one; at pH 11, ammonia exists in the form of NH;,
which diffuses through a specially designed membrane at the
tip of the electrode, resulting in the change of electrical poten-
tial which is measured to determine the NH,* concentration
[6].

There are two colorimetric methods available for the
determination of NH,* concentration. The first one is the
Nessler method in which potassium, mercury, and iodine
react with NH, " to create a yellow-brownish colored com-
pound; it is called the Nesslerization [8]. The second one is the
phenate method in which phenol and HOCl react with NH,*
to create a blue-colored compound [9, 10]. In both methods,
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TaBLE 1: Examples of regulation on maximum allowable NH, " concentrations for different waters.
Type of sample WHO Korean legislation EPA European legislation
Drinking water — 0.5mgL™ — 0.5mgL”"
0.2mgL™ -1 -
Surface wat <rms — 0.02mgL '
Hriace water (up to 0.3 mg L™ in anaerobic waters) e L5mglL
20mgL™

Wast t — — —

astewater (expressed as N total)

the color intensity of the final compound is proportional to
the NH, " concentration of target samples.

In fact, the colorimetric methods are the most commonly
used in practice [11]. Particularly, the Nessler method, since it
was developed in 1856, has been the most widely applied for
the analysis of NH, " in water, especially at low concentrations
(ie., 0.4mgL'-1.0mg L"'"NH,*-N) [12].

When NH," in a water sample is analyzed, the Nessler-
ization is carried out. The product from the reaction between
the Nessler reagent and aqueous NH, " can absorb light over
a wide wavelength range, that is, 400 nm-425nm (= yellow
brownish-colored light).

If the water sample is clean enough, the Nesslerization can
be applied to it without any pretreatment. However, if a water
sample contains other color or turbidity-causing substances
(e.g., alkali ions such as Ca**, Fe*", Mg**, and HS"), the
Nesslerization cannot be applied directly. The alkali ions
and sulfide can form turbidity-causing substances or flocs
when the water sample is treated with the Nessler reagent.
In this case, the water sample should be pretreated with
ZnSO,, ethylenediaminetetraacetic acid (EDTA), or Rochelle
solution to remove the turbidity-causing substances. One of
the disadvantages of using EDTA is that excess amount of
the Nessler reagent should be provided to insure the reaction
between the Nessler reagent and NH, "

In this study, an MS (MS) was proposed to suppress the
interference from the residual Cl,, Cl~, Mg®" (as a hardness-
causing compound), and Fe* in the determination of water
NH," using the Nessler method. In fact, Boopathy [13]
applied the stabilizer to remove hardness from the samples,
when he analyzed NH," in the samples collected from an
anaerobic soil slurry system. In addition, the polyvinyl alco-
hol (PVA) reagent was added to increase the light absorbance
of a water sample and the sensitivity of the Nessler method
[14, 15]. We believe that the addition of the MS and the PVA
reagents will increase the usability of the Nessler method in
water chemistry researches involving NH, " measurement.

2. Materials and Methods

2.1. Preparation of MS and PVA Dispersing Agent. Unless
stated otherwise, all the chemicals used in this study were
purchased from Sigma-Aldrich (St. Louis, MO, USA). In
addition, all the reagents used in experiments were prepared
with ammonia-free water.

First, the MS was formulated to suppress the interference
from various ions and hardness of water samples to the NH, *
determination via the Nessler method. It was synthesized
by carefully dissolving 250 g of sodium citrate and 300 g of
NaKC,H,Oq in 1L deionized water.

Second, the PVA as a dispersing agent, which was used to
help the yellow color to well develop in the reaction with the
Nessler reagent and NH, " in a water sample, was formulated
by dissolving PVA of 1.35 g in 1 L deionized water.

Sodium citrate (purity = 99.8%) and PVA (purity =
75% hydrolyzed, approx. M.W.: 2000) was obtained from
Acros Organics (Geel, Belgium), and NaKC,H,Og¢ (purity =
99.0%) were obtained from Samchun Pure Chemical Inc.
(Pyeongtaek, Korea).

The Nessler reagent for color development was prepared
following the Standard Method [16].

2.2. Preparation of Standard NH," and Interfering Chemical
Solutions. In order to evaluate the feasibility of the developed
interference suppressor and the color development aid in
the Nessler method, they were applied to the quantitation
of NH," in synthesized solutions with different interfering
chemicals, that is, residual Cl,, Cl~, hardness (or Mg*"), or
Fe’".

Standard solutions of NH, " and the interfering chemicals
were prepared by diluting premade stock solution for each of
the chemicals with deionized water. A NH, " stock solution
for the experiment was made by dissolving 3.819 g anhydrous
NH,Cl which was previously dried at 103°C for 3h in 1L
water. If 1 mL stock solution is added to 1L deionized water,
the NH, " concentration of the final solution is 1mg N L™,

In the same or similar ways, the standard solutions for
each of four interfering chemicals were prepared. First, stan-
dard chlorine solutions were prepared by diluting appropriate
amount of 50-75 mg Cl, L ™" certified standard solution (2 mL
PourRite Ampules; HACH, USA) in deionized water.

Standard CI™ solution was prepared by appropriately
diluting the premade 2000 mg L' CI” stock solution (1.75 g
anhydrous NaCl in 50 mL water) with deionized water. Stan-
dard hardness (or Mg®") solution was prepared by diluting
premade 500mg L™ Mg** stock solution (0.123g MgSO,-
7H,0 in 100 mL water) with deionized water. Lastly, to pre-
pare standard Fe?* solutions, a 100 mg L~! Fe*" stock solution
was made by dissolving 0.0702 g NH,FeSO,-hexahydrate in
100 mL.

2.3. Experimental Procedure. Two sets of experiments were
carried out. In the first set of the experiments, the effects of
the developed MS and the PVA on the light absorbance of
NH," standard solutions of 0.5, 1.0, and 1.5mgNL™" were
evaluated. In the second set, the effects of the presence of
Cl,, CI", Mg**(as a hardness-causing chemical), or Fe** on
the determination of NH," using the Nessler method were
evaluated.
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The recovery efficiency of the proposed method was
also evaluated with stream water and domestic sewage. On
collection, the stream and sewage samples were filtered with
0.4 um glass fiber filters. NH,"-N of 1 mg L ™" was then spiked
into water samples. For each water matrix, a total of seven
replicates were prepared.

All the experiments were carried out as follows. First,
a 25mL water sample was filled into a 100 mL graduated
cylinder. Then, three drops of the MS were added to the
cylinder, which was subsequently put a cover on and shaken
to mix its solution inside. After the solution was mixed, three
drops of the PVA reagent were also added to the solution.
Then, the solution was again covered and mixed.

Lastly, 1.0 mL of the Nessler reagent was added into the
cylinder with mixture. Once the final solution was prepared,
its portion was transferred into a spectrophotometer (C-
MAC QVIS 3000 Spectrophotometer, Daejeon, Korea) cell
and the UV light absorbance was measured. The wavelength
for the light used in the measurement was set at 425 nm.

Prior to the measurement of each water sample, a blank
solution was prepared for reference. When only the MS was
added to the blank solution with the Nessler reagent and
without NH,", the absorbance did not increase (Figure 1).
However, when the PVA was alone added to the NH4+
blank solution, a slight increase in the absorbance could be
observed, since the PVA is a color-dispersing agent. The same
level of absorbance increase could be observed when both
the PVA and the MS were added to the NH,* blank solution.
Therefore, when NH, " in water samples is quantitated using
the proposed method, zero point of the spectrometer should
be adjusted accordingly.

3. Results and Discussion

3.1. Effects of PVA and/or MS on NH " Analysis Using Nessler
Method. First, the effects of the MS or the PVA reagent
on the determination of NH," in water by the Nessler
method were evaluated as follows. For each test, samples
with three different NH,* concentrations, that is, 0.5, 1.0, and
1.5mgN L™ were prepared. Before the NH," concentration
of each sample was quantitated by the Nessler method, the
sample was pretreated as follows. The first one was added with
three drops of the MS. The second one was added with three
drops of the PVA reagent. In the case of the third sample,
both MS and PVA reagent were added. Lastly, the fourth one
was not pretreated as a control. Therefore, a total of four test
samples for each NH,* concentration level were prepared.

Once the samples were prepared, the light absorbance
of each sample was monitored over 20 min using the spec-
trophotometer. The result from the measurement of the four
samples is provided in Figure 2.

Apparently, it was evident that the addition of PVA
increased the light absorbance of water samples with NH,";
the UV absorbance increase of 33-53% could be obtained
for all the NH," concentration levels (Figure 2). The result
indicates that the Nessler method with the PVA addition
would be more sensitive than the one without; lower NH,"
concentration can be determined. In addition, the absorbance
of the sample with the PVA added did not change over 20 min

3
0.1
0.08
j )
g 006 |
<
0
g
2 004t
0.02
“____M’_-===’==_—='====*=:::1::==-3__——_“
0 ===== Q== =0===>"0>-= o
2 4 6 8

Test number

-e- PVA
-o- Mineral stabilizer
-¥- PVA+ mineral stabilizer

FiGURE 1: Effect of PVA and/or MS on UV absorbance of blank
solution.

(c.v. = 0.38-3.90%); the absorbance of the sample with the
PVA reached its maximum instantaneously. Therefore, it was
confirmed that the PVA would help the color development of
the samples analyzed with the Nessler method. In fact, only
a slight change in the light absorbance of the sample without
any treatment (i.e., control) also could be observed.

In the case of the MS, it did not have an effect on the
result of the NH," measurement using the Nessler method;
the sample with the MS only showed the same absorbance
with the one without any pretreatment for all the NH,"
concentration levels. However, the water sample with both
the MS and the PVA reagents added showed lower or
higher light absorbance than the one with the PVA only
(Figure 2). Probably an interaction between the MS and the
PVA occurred and affected the sample absorbance.

Nonetheless, it was concluded that the addition of the
MS would not have any effect on the analysis of NH,"
in water samples using the Nessler method. Particularly, it
was concluded that the PVA addition would increase the
sensitivity of the Nessler method for the NH, " analysis.

3.2. Effects of PVA and/or MS on NH, " Analysis Using Nessler
Method for Water with Interfering Substances. As stated in
Section 1, residual Cl,, Cl™, hardness, and iron salts in water
are known common interfering substances in the NH,"
analysis using the Nessler method. In this section, therefore,
the effects of the addition of the PVA and the MS on the
result of the Nessler method application for the quantitation
of NH," in water samples with residual Cl,, Cl~, Mg** for
hardness, or Fe?* as an interfering substance were evaluated.

3.2.1. Effect of PVA and MS Addition on NH," Analysis
of Water with Residual Chlorine. Water samples with the
residual Cl, of 0.0, 0.1, or 0.5mgL™" were analyzed with
the modified Nessler method in which the MS and the
PVA reagents had been added into the samples before the
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FIGURE 2: Light absorbance of water samples with different pretreatments.

Nessler reagent was added. The result was compared with
the one from the measurement with the original Nessler
method (Figure 3). The effect of residual chlorine on both
the modified and the original Nessler methods was evaluated
with the samples of three different NH, " concentrations, that
is, 0.5,1.0,and 1.5 mg N L ™"

Again, the modified Nessler method showed higher UV
absorbance than the original one for all the NH," concen-
tration levels. However, the light absorbance was slightly
affected by the presence of residual chlorine when NH,"
concentration was 1.5 mg N L™'; absorbance difference of 12%
was observed. In fact, the original method also showed
similar difference in the UV absorbance for the water sample
with NH," concentration of 1.5 mgN L™, when the samples
contained residual Cl,. Unlike the modified Nessler method,
the original method’s UV absorbance was also unstable when
NH," concentration was low, that is, 0.5 mgNL ™.

However, it should be stated that in practice it would
take a while until a water sample would be analyzed after its
collection. If residual Cl, is present in water samples, it can
react with NH, " in water to form chloramines [17], resulting
in the underestimation of NH,* concentration. Therefore, it
would be a good practice to remove residual Cl, by adding
NaHSO; right after sample collection, if the presence of
chlorine in water is suspected.

3.2.2. Effect of PVA and MS Addition on NH," Analysis of
Water with CI". Water samples with CI™ of 0.0, 2000, 3000,
or 10000 mgL™" were analyzed with the modified Nessler
method in which the MS and PVA reagents had been added
into the samples before the Nessler reagent was added. The

result was compared with the one from the measurement by
the original Nessler method (Figure 4). The effect of CI” on
both the modified Nessler method and the original Nessler
one was evaluated with samples of three different NH,"
concentrations, that is, 0.5, 1.0, and .5mg N L ™"

For water samples with 1.5 mg NH,*-N and 10000 mg ™"
Cl', the UV absorbance values measured by both the modi-
fied and the original Nessler methods were higher than the
one for water samples with the same NH, * concentration but
with lower CI” (Figure 4); 12% higher UV absorbance was
observed for the sample with 10000 mg L' CI, compared to
the one with those lower CI™ concentrations.

However, the modified Nessler method showed almost
the same absorbance for the samples with lower NH,"
concentrations regardless of CI” concentration levels. On the
other hand, the original method still shows significantly dif-
ferent absorbance for the water samples even of lower NH, "
concentrations, if ClI” concentration was high (Figure 4).

In fact, 1000-3000mgL™" CI” is not uncommon to
water samples collected from industrial wastewater plants.
Therefore, the modified Nessler method can be beneficial in
the analysis of NH, " in industrial wastewater.

3.2.3. Effect of PVA and MS Addition on NH," Analysis
of Water with Hardness. Water samples with Mg** (as a
hardness-causing substance) of 0.0, 500, 750, or 1000 mg L ™"
as CaCO; were analyzed with the modified Nessler method
in which the MS and PVA reagents had been added into
the samples before the Nessler reagent was added. The result
was compared with the one from the measurement with
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FIGURE 3: UV absorbance at water samples of different NH, * concentrations with different reagents, and with chlorine as interfering substance.

the original Nessler method (Figure 5). The effect of Mg®* on
both the modified Nessler method and the original Nessler
one was evaluated with samples of three different NH,"
concentrations, that is, 0.5, 1.0, and .5mg N L™".

In the case of the original Nessler method, an accurate
analysis of NH," content could not be possible when Mg*"
was present in water samples. Even at the lowest concentra-
tion (i.e., 500 mg L"), Mg** increased the absorbance more
than double, resulting in large overestimation for all the
NH, " concentrations levels. In fact, the absorbance of water
samples was very proportional to the Mg** concentration;

higher absorbance could be observed at higher Mg** concen-
tration. Interestingly, the exaggerated UV absorbance rapidly
dropped below that of the control (Figure 5). Probably, the
Mg** precipitates formed from the Nessler reaction settled
down over time and turned the turbid water samples to
clearer ones [18].

On the other hand, the water samples analyzed with the
modified Nessler method showed relatively smaller difference
in the UV absorbance if the Mg** concentration of the
water samples was less than 750 mg L™ as CaCO, (Figure 5).
Nonetheless, in the presence of a hardness-causing chemical
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FIGURE 4: UV absorbance at water samples of different NH,* concentrations with different reagents, and with Cl™ as interfering substance.

like Mg®", the accurate measurement might be to some
degree difficult. Therefore, it is necessary to remove it from a
sample before NH,, " analysis is carried out, if higher hardness
is suspected for the sample.

3.2.4. Effect of PVA and MS Addition on NH," Analysis of
Water with Fe**. Water samples with Fe*" of 0.0, 0.5, 1.0, or
2.0mgL™" were analyzed with the modified Nessler method
in which the MS and PVA reagents had been added into
the samples before the Nessler reagent was added. The result
was compared with the one from the measurement by the
original Nessler method (Figure 6). The effect of Fe** on

both the modified Nessler method and the original Nessler
one was evaluated with samples of three different NH,"
concentrations, that is, 0.5, 1.0, and 1.5 mg N L.

In the case of the original Nessler method, an accurate
analysis of NH," content could not be possible when Fe**
content of water samples was more than 1.0 mgL™". In fact,
Fe** in water is known to form a complex with salts in the
Nessler reagent, and increases turbidity and the absorbance.

The modified Nessler method also could not accurately
quantitate NH," in water samples with Fe**. For any NH,"
concentration, the water sample even with 0.5mgL™" Fe**
showed significantly higher UV absorbance than that of the

85U80| 7 SUOWWIOD BAIER.D 3 |qeoljdde au Aq peusenob aJe sajone O ‘88N JO SajnJ 10} AIq1T8UIUO /B]IM UO (SUOIPUOD-PUe-SWB)W0D B 1M Are.q 1 [BUI|UO//SARY) SUORIPUOD PUe SWid 1 8U3 88S *[9202/T0/90] U0 Axiqiauljuo AB|IM ‘INces JO AusAIIN AQ LTZ6SE/ETOZ/SSTT OT/I0p/L00 A8 | M AIq1feuluo//Sdny woj papeojumod ‘T ‘€T0Z ‘2962



Journal of Chemistry

Without mineral stabilizer and PVA

4 :
0.5mg L' NH,*-N
3L
3
<
<
£ 2 BT
5] == ~
A= -
1 S/// © \A§‘§A
v IS
ol .
0 5 10 15
Time (min)
4
ImgL™! NH,*-N
- - \.
5] R N,
Q . .
=) AT RN
£ e N
5 IR N
,_8 /..’V/ AN N
< L Nt
a RN
] . N
0]
0 5 10 15
Time (min)
4
1.5mg L' NH,"-N
./;'*e*-
R N\
3 Pt *
A N
/./V/ \\\
“g ’ //A'O" \\_
s 2 S S
_g ’ V/-". o, AN
2 A o N
"<D ///_~°' .'\\\_\
lg'-/" BN
4 \\
™~
0 -
0 5 10 15
Time (min)

—o— 0ppm Mg>* as CaCO,
-0 500 ppm MgZJr as CaCO®
-v- 750 ppm Mg** as CaCOj
-=a- 1000 ppm Mg>" as CaCO3

With mineral stabilizer and PVA

4
3
3
=i
<
S5 2
E:
<
1
| S e St ARV S
O T
0 5 10 15
Time (min)
4
3
3
g
S 2
2
<
1
............ Amim i — A
h—"—:‘——;.H—:HHHHT—».—.H,—*T,T.-.:: ,,,,,,,,,,,,,,,,,,,
0 . .
0 5 10 15
Time (min)
4
3
8
g
S 2
2
<
! —z 4+ _=—-—=—'——t————-—————n
~
0 . .
0 5 10 15
Time (min)

—s— 0ppm Mg** as CaCO,
--s.. 500 ppm MgZJr as CaCO®
—v- 750ppm Mg** as CaCO;
--a- 1000 ppm Mg>*" as CaCO3

FIGURE 5: UV absorbance at water samples of different NH,* concentrations with different reagents, and with Mg** (as hardness-causing

chemical) as interfering substance.

sample without Fe** (Figure 6). Therefore, it was concluded
that both the original and the modified Nessler methods for
NH, " quantitation cannot be applied to water samples with
Fe?*. Like the case of Mg®" as an interfering substance, it is
necessary to remove Fe** from a sample before NH, " analysis
is carried out, if the sample is suspected to have Fe**.

3.3. Recovery Efficiency of the Proposed NH," Analysis
Method. Recovery efficiency of the modified Nessler method
was performed with sewage and fresh water samples which

were collected from a local sewage treatment plant and a
nearby river. Upon delivery to the laboratory, the water
samples were filtered and analyzed for their NH," contents.
The sewage contained NH,"-N of 12.4mgL™", while the
surface water did contain 0.8 mgL™ NH,"-N. In fact, the
sewage sample was ten times diluted before being used for the
recovery test. Then, the sewage and stream water samples of
100 mL each were spiked with NH, " stock solution to increase
their NH," concentration as much as 1mgNL™". Then, the
samples analyzed for NH, " concentration using the modified
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FIGURE 6: UV absorbance at water samples of different NH,* concentrations with different reagents and with Fe*" (as hardness-causing

chemical) as interfering substance.

Nessler method. In short, the recovery efficiency of 96.5-
104.5% could be obtained using the proposed method.

4. Conclusion

The traditional Nessler method for the analysis of water NH,
was modified by introducing the additional reagents, that
is, the MS and the PAV. With the help of the PVA, the
light absorbance of the water samples under analysis could
be increased significantly; so the sensitivity of the Nessler
method increased. In addition, the maximum absorbance
could be rapidly achieved and did not change over time.

Therefore, the sensitivity and stability of the original Nessler
method could be improved decently.

Due to the addition of the MS, the modified method
could accurately analyze NH, * in water samples with residual
Cl,, CI™, or Mg**, each of which is a well-known substance
causing interference to the accurate determination of the
NH," concentration. However, both the traditional and
modified Nessler methods could not accurately determine
NH," of a water sample with Fe**. Nonetheless, we believe
that the proposed method will be beneficial to researchers
who regularly analyze NH," in water samples.

95U801 7 SUOWIWIOD 8AITERID 9|qeal|dde au Aq peusenob a1e sepiLe VO ‘8N Jo o 10} AreiqiaulluO A3[IA UO (SUONIPUOD-pUe-SWLBW0Y A8 1M Afelq Ul UO//SdNY) SUONIPUOD pue SWie | 8y} 89S *[9202/T0/90] o ARigiauluo Aoim ‘INoes JO Aisieniun Ag £TZ6SE/STOZ/SSTT OT/10p/wWod A1 Areiqipuluo//sdny wolj pepeojumod ‘T ‘€T0Z ‘2962



Journal of Chemistry

Acknowledgment

This work was supported by the R&D Program of MKE/KEIT
(R&D Program no. 10037331, Development of Core Water
Treatment Technologies based on Intelligent BT-NT-IT
Fusion Platform).

References

[1] G. P. Robertson and P. M. Vitousek, “Nitrogen in agriculture:
balancing the cost of an essential resource,” Annual Review of
Environment and Resources, vol. 34, pp. 97-125, 2009.

[2] J. M. Symons and R. E. McKinney, “The biochemistry of nitro-
gen in the synthesis of activated sludge,” Water Environment
Federation, vol. 30, no. 7, pp. 874-890, 1958.

[3] R. Knowles, D. R. S. Lean, and Y. K. Chan, “Nitrous oxide con-
centrations in lakes: variations with depth and time,” Limnology
Oceanography, vol. 26, no. 5, pp. 855-866, 1981.

[4] M. Constable, M. Charlton, F. Jensen, K. McDonald, G. Craig,
and K. W. Taylor, “An ecological risk assessment of ammonia
in the aquatic environment,” Human and Ecological Risk Assess-
ment, vol. 9, no. 2, pp. 527-548, 2003.

[5] J. E Thompson and G. R. Morrison, “Determination of organic
nitrogen: control of variables in the use of Nessler’s reagent,”
Analytical Chemistry, vol. 23, no. 8, pp. 1153-1157, 1951.

[6] M. A. Arnold and M. E. Meyerhoff, “Ion-selective electrodes,”
Analytical Chemistry, vol. 56, no. 5, pp. 20R-48R, 1984.

[7] J. M. Kruse and M. G. Mellon, “Colorimetric determination of
ammonia and cyanate,” Analytical Chemistry, vol. 25, no. 8, pp.
1188-1192, 1953.

[8] E C. Koch and T. L. McMeekin, “A new direct nesslerization
micro-kjeldahl method and a modification of the nessler-folin
reagent forammonia,” Journal of the American Chemical Society,
vol. 46, no. 9, pp- 2066-2069, 1924.

[9] M. W. Weatherburn, “Phenol-hypochlorite reaction for deter-
mination of ammonia,” Analytical Chemistry, vol. 39, no. 8, pp.
971-974, 1967.

[10] L. Solorzano, “Determination of ammonia in natural waters by
the phenolhypochlorite method,” Limnology and Oceanography,
vol. 14, no. 5, pp. 799-801, 1969.

[11] C.Molins-Legua, S. Meseguer-Lloret, Y. Moliner-Martinez, and
P. Campins-Falcd, “A guide for selecting the most appropri-
ate method for ammonium determination in water analysis,”
TrAC—Trends in Analytical Chemistry, vol. 25, no. 3, pp. 282-
290, 2006.

[12] N. T. Crosby, “Determination of ammonia by the Nessler
method in waters containing hydrazine,” The Analyst, vol. 93,
no. 1107, pp. 406-408, 1968.

[13] R. Boopathy, “Use of anaerobic soil slurry reactors for the
removal of petroleum hydrocarbons in soil,” International
Biodeterioration and Biodegradation, vol. 52, no. 3, pp. 161-166,
2003.

[14] C. C. Hach, S. V. Brayton, and A. B. Kopelove, “A powerful
Kjeldahl nitrogen method using peroxymonosulfuric acid,”
Journal of Agricultural and Food Chemistry, vol. 33, no. 6, pp.
1117-1123, 1985.

[15] G. Giilsoy, M. Tayang, and E Ertiirk, “Chemical analyses
of the major ions in the precipitation of Istanbul, Turkey;
Environmental Pollution, vol. 105, no. 2, pp. 273-280, 1999.

[16] American public health association, American water works
association, and Water pollution control federation, Standard

=
1

(18]

Methods for the Examination of Water and Wastewater, 14th
edition, 1975.

J. Yoon and J. N. Jensen, “Distribution of aqueous chlorine with
nitrogenous compounds: chlorine transfer from organic chlo-
ramines to ammonia,” Environmental Science and Technology,
vol. 27, no. 2, pp. 403-409, 1993.

E. Foyn, “Ammonia determination in sea water,;” ICES Journal
of Marine Science, vol. 16, no. 2, pp. 175-178, 1950.

95U801 7 SUOWIWIOD 8AITERID 9|qeal|dde au Aq peusenob a1e sepiLe VO ‘8N Jo o 10} AreiqiaulluO A3[IA UO (SUONIPUOD-pUe-SWLBW0Y A8 1M Afelq Ul UO//SdNY) SUONIPUOD pue SWie | 8y} 89S *[9202/T0/90] o ARigiauluo Aoim ‘INoes JO Aisieniun Ag £TZ6SE/STOZ/SSTT OT/10p/wWod A1 Areiqipuluo//sdny wolj pepeojumod ‘T ‘€T0Z ‘2962



