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TOM TAT

XAC PINH AMONI VA KALI TRONG DICH CHIET CUA MAU PAT
BANG PHUONG PHAP PIEN DI MAO QUAN SU DUNG DETECTOR PO
DAN KHONG TIEP XUC (CE-C*D)

Bai bdo nghién citu quy trinh phdn tich hai ion NH; va K trong dich chiét mau dat
néng nghiép bang ki thudt dién di mao qudn sir dung detector do dan khéng tiép xiic.
Cac diéu kién phan tich da dwoc 16i wu bao g(fm.' Dung dich dém dién di su dung hén
hop dém histidine/axit acetic (His/Ace) (pH = 4), 2mM 18-crown-6,; mao quan Silica:
duwong kinh ngodi (0.D.) 365 um, dwong kinh trong (I.D.) 50 um, chiéu dai tong L=
50cm va chiéu dai hiéu dung Leyy= 40cm; dién thé tach: 20kV; bom mdu theo phirong
phap thity déng luc theo kiéu xiphong & dé cao 15cm, trong thoi gian 20s. Quy trinh
duwoc dp dung dé phan tich dich chiét 01 mau dat va 01 mdau nuéde ldy tai ciing mét

khu canh tdc néng nghiép. Cdc két qua phan tich dwoc kiém chimg bang cdc phwong
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phdp quang phé hdp thu nguyén tir (kiém chitng két qua phén tich K*) va phwong
phdp quang phé hdp thu phén tir (kiém chitng két qua phén tich NH;'). Sai s6 tirong
doi giiva phwong phép phan tich va cdac phwong phdp do kiém chitng déu dwéi 15%.
Két qua cho thdy ham lwong NH,N va K trong mau ddt lan lwot la 29,6 va 1055
mg/kg dat khé. Ham lwong NH,N va K trong mau nuée lan lwot la 2,68 va 33,7
mg/L. Ham lwong NH,-N trong mau nuéc rung vwot hon 5 lan quy chuan ki thudt
Quoc gia vé chat heong mede mdt bdo vé doi song thity sinh.
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1. INTRODUCTION and K exhibit nearly identical
Nitrogen and potassium are essential characteristics, common extracting
nutrients for plant growth, survival, reagents for exchangeable potassium
development and reproduction. are ammonium salts. On the other hand,
However, there are not always enough ammonium adsorbed on the exchange
of these nutrients in the soil for a plant complex is normally removed by using
to grow healthily so that many farmers potassium salts such as KCI or K,;SO4
and gardeners use fertilizers as the [2]. Thus, measurements of soil extracts

nutrients for the soil. Despite of the fact for K' and NH;" would be strongly

that fertilizers are beneficial to interfered by the matrix -effects.
agriculture, excessive or improper Capillary Electrophoresis (CE) with
fertilizer applying would induce to Capacitively  Coupled  Contactless
environmental and human health risks. Conductivity Detection (C'D) is a
The excess of nutrients in environment simple and inexpensive method that can
would cause soil pollution, surface be applicable to simultaneously
water  eutrophication,  groundwater determine NH;" and K' in aqueous
contamination... etc. Elevated levels of samples. However, the separations of
nutrients accumulated in crop products two cations solely based on differences
could make unexpected symptoms and in their electrophoretic mobility seem to
diseases to consumers [1]. For better be a challenge.

agricultural land use, it is necessary to Numerous attempts were investigated to
quantify the nutrient residues that are separate NH; " and K' in aqueous
available to be released to environment. solutions. One of the most successful
The extractions of the exchangeable approach was the employment of
forms of K™ and NH4" can be performed complex-forming reactions. Among
by using salt solutions. Because NH," comlexing agents, 18-crown-6 ether
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was widely used to separate the NHy4"
and alkaline metal cations as it forms a
stable complex with alkaline metal
cations [3, 4, 5, 6, 7]. Adam J. Gaudry
et al. separated an aqueous mixture
comprising three
(NH4", Na" and Li") in 50 mM acetic
acid/10 mM L-histidine /2.5 mM18-
crown-6 ether electrolyte at pH 4.2. The
limit of detections (LODs) of NH,
Na', and Li" were 1.54, 2.26, and
Another

inorganic cations

3.06mg/L, respectively [3].
separation of alkaline metal cations (K,
Na“, Li") in aqueous solutions was
obtained by wusing the background
electrolyte (BGE) of 12 mM histidine
adjusted to pH 4 with acetic acid and 2
mM 18-crown-6. The LOD for K™ was
of 1.5 uM [8]. Solutions containing
NH,', K’
determined by Thanh Duc Mai et al
[5]. Background electrolyte solutions
were His 12 mM (adjusted to pH 4 with

acetic acid) in the presence of 2 mM of

and other cations were

18-crown-6; capillary was of 50 pm
I.D., 36 cm effective length, and 50 cm
total length, while separation voltage
was 15 kV. The LODs were in the
lower micromolar range and varied
depending on  species. Baseline
separation between NH;  and K™ was
achieved at the concentration of less
than100 uM for [5].

Nevertheless, to our best knowledge, a

each cation

simultaneous separation of NH;" and K*
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aqueous solutions extracted from soils
by CE-C'D has not been reported.

In the present study, operation
parameters were set up in our laboratory
according to previously published
papers for measuring NH;" and K’ in
The

18-crown-6

solutions.
of

systematically investigated. Appropriate

aqueous optimizing

amount was
extracting solutions used to remove
exchangeable faction of each ion from
The

preliminary conditions were applied to

soil ~were also examined.
detect NH;" and K™ in a water sample
and the extracts of a soil sample
collected from agricultural land in
Vietnam.

2. MATERIALS AND METHODS

2.1. Materials

All the chemicals such as NH4CI,
K,S0,4, His, C¢HyoN30,, HCI, NaOH...
etc were of analytical grade and
Merck.

system (Labconco,

purchased from Fluka or
Ultrapure water
USA) with resistivity 18.2 MQ was
used to produce ultrapure water in all
Stock
solutions of ammonium and potassium
daily prepared. The
background electrolyte (BGE) solutions
were prepared with the buffer of

histidine and acetic acid (His/Ace)

solutions and measurements.

lons were

(pH=4) in the presence of 18-Crown-6.
The pH of solutions was controlled by

using an HI 2215 Hanna Instruments



pH meter (Woonsocket, RI, USA).
Fused silica capillaries of 50 um 1.D.
and 365 um O.D. with total length (L)
of 50 cm and effective length (L.g) of
40 cm (purchased from Polymicro,
Phoenix, AZ, USA) were used for
separations.  The
preconditioned with 1 M NaOH for

10minutes and then, deionized water for

capillaries  were

10minutes prior to flushing with buffer
solutions. Experiments were performed
using the portable semi-automated CE
system supported by 3Sanalysis JSC.
(http://www.3sanalysis.vn/) (Figure 1).

More detailed information about the
instrument was given elsewhere in T. A.
H. Nguyen et. al. [9].

Figure 1. Portable semi-automated CE-C*D instrument

2.2. Methods
According
reviewed earlier, the BGE with the

buffer adjusted to pH 4 was commonly

to former references

used for the separations of the two
cations using CE -C*D. In the present
study, the buffer solution of His/Ace
(pH=4) was selected. The high voltage
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of 20kV was applied for separation.
Hydrodynamic injection of samples was
carried out by setting the high-voltage
end of the capillary at 15cm height. The
injection time was 20 seconds. Table 1
summarized the operating parameters

used in this research.



Table 1. Separation conditions of CE-C’D system for determine NH; and K.

BGE composition His/Ace buffer adjusted to pH 4

18-Crown-6
High voltage 20kV
Detection Cc'D
Capillary 365 um O.D., 50 um I.D.; L= 50cm; L=

40cm; Preconditioned
Hydrodynamic injection 20s at 15cm height

The BGE solutions with differences through 0.45um membrane. The

amount of 18-crown-6 were prepared in filtrates were used for the K™ and NH,"
order to get optimum BGE composition measurements using CE-C'D. The
for the separation of two cations. The levels of K" and NH," were compared
concentrations of 18-crown-6 varied with Flame - Atomic Absorption
from 1 to 3mM. The concentrations of Spectroscopy (F-AAS) and Ultraviolet—
both NH4" and K™ were 0,1mM. Visible Spectroscopy (UV-Vis),
Appropriate soil extraction procedure respectively.

was investigated. Simulated soil One soil and one water samples were
samples contaminated by 20mM of K* collected in agricultural regions Thuong
and 2.2mM of NH," were prepared by Tin, Hanoi, Vietnam. The soil sample
adding certain amount of K" and NH," was immediately stored at 4°C and then
solutions to uncontaminated soils. The dried in desiccator. The water sample

samples were left for 1 day to reach to was kept at 4°C and filtered through

equilibrium, and then dried in 0.45um membrane before analysis.

desiccator  before any further 3. RESULTS AND DISCUSSION

preparation. For K' extraction, the It was known that potassium forms a
CH3COONHy4 solutions of 0.01M and stable complex with 18-crown-6 [10].
0.IM were used. The ion NH,; was Consequently, the presence of 18-
extracted with K,SOy4 solutions of 0.001 crown-6 in the BGE increases the
and 0.1 M. The amount of 1.000 g dried migration time of K' while the
soil and precisely 20ml of extracting migration time of NH;  stays
agent were put into 50ml- falcon tubes unchanged. As clearly shown in Figure
and shaken for 1 hour using a shaker 2, the best separation was performed at
(Cole Parmer, 51704 Series). Finally, the concentration of 2mM 18-crown-6.
the mixture was centrifuged and filtered Lower concentrations than that of 2 mM
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18-crown-6 would not be enough for experiments the BGE solutions contain
reasonable separation of the two cations Tris/Ace buffer (pH=4); 2 mM 18-
while higher concentrations seem to be Crown-6.

not necessary. Thus, for further

Immv\_,,\/\____/\_/f—
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Figure 2. Separation of NH;" and K" with BGE solutions containing different levels of 18-
crown-6; Concentration of NHy" and K*: 107*M; Concentration of 18-crown-6: (1): Non
18-crown-6 contained; (2) 1.0 mM; (3) 1.5 mM; (4) 2.0 mM; (5): 2.5 mM. (6): 3 mM

The calibration curves (six points) were values were calculated from peak areas
extrapolated using standard addition corresponding to 3 and 10 times the
method in order to avoid the matrix baseline noise (S/N= 3 and S/N= 10),

interference of the sample (Table 2). respectively. The LOD values (1.0 uM
Linear range extended to the for NH;" and 3.0 pM for K") are
concentration of 200 uM for each comparable to previously reported
cations with a correlation coefficient results [5, §].

(1%) of at least 0.99. The LOD and LOQ

Table 2. Calibration curve extrapolated by standard addition method

Analyte Range” (uM) r LOD" (uM) LOQ® (uM)
NH,4" 50.0-200 0.9988 1.0 5.0

K" 50.0-200 0.9909 3.0 10.0

* Six points

" S/N: 3

“S/N: 10

As can be seen in Table 3, the best when using 0.1M CH;COONH4 and
extraction efficiency was achieved 0.001M K,SO, for extraction K and
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+
NH4 5
concentrations  of

respectively. Higher
extractants are
unfavorable due to the strong matrix

effect to the separation of the two

cations by CE, while lower ones are not
enough to completely extract the

exchangeable solutes.

Table 3. Extraction of the simulated soil sample for K™ and NH,"

Extractant

Extraction for K*

Extraction efficiency (%)

CH3;COONH40.01M 25.0
CH3COONH40.1M

99.2

Extraction for NH," K,SO4 0.001M

K>S04 0.1M

109.0

a

*unable to detect

Figure 3 and 4 indicate good separation
performances in the soil extract and
water sample. Obtained results from
CE-C'D are in good agreement with
those from the confirmation method (F-
AAS for K analysis and UV-Vis for
NH," analysis) (Table 4). This suggests
that the conditions found are applicable
for detection of NH,  and K’ in
environmental samples. Levels of NHy-
N and K" determined in the real soil
sample were of 29.6 and 1055 mg/kg
dried soil, respectively. Those highly

IIO mV

exceeded the normal level of NH4-N
(10 mg/kg) and the excessive level of K
(> 800mg/kg) defined by D.A. Horneck
et al. [11]. The concentration of NH4-N
in water sample was more than 5 times
higher than the National technical
regulation on surface water quality for
protection of aquatic lives [12]. It
should be noted that sufficiently high
levels of NH," and K' in agricultural
run-off and soil would cause nutrient
imbalance and serious environmental

problem.
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Figure 3. Separation of NH," and K in the extracts of soil sample:
(1) Soil extract for NH,"; (2) Soil extract for K, dilution factor (DF) was 50 times
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Figure 4. Simultaneous determination of NH;" and K

in water sample (DF was 6 times)

Table 4. Concentrations of NH; and K" in soil and water samples

Type of sample  Analyte Concentration” Confirmation
(% difference)
Soil sample K" 1055 5,7°
NH,-N 29.6 10.8°
Water sample K" 33,7 12,9°
NH,-N 2.68 0.50°
" mg/kg for soil sample; mg/L for water sample
* confirmation by F-AAS method
® confirmation by UV-Vis method
4. CONCLUSIONS lives.
The conditions for simultaneous ACKNOWLEDGEMENT

determination of NH;" and K’ by CE-
C'D were optimized as follows: BGE:
His/Ace buffer, 2 mM 18-crown-6;
silica capillary: 365 pm O.D., 50 um
I.D.; Li = 50cm; Les = 40cm; voltage:
20V; hydrodynamic injection: 20s at
I15cm height. The
applicable to examine NH;" and K" in

procedure are
both soil and water samples. Excessive
levels of NH4" and K" were detected in
soil. The concentration of NH, " in water
sample was significantly higher than the
National technical regulation on surface
water quality for protection of aquatic
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