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TOM TAT

KHAO SAT CAC YEU TO ANH HUONG BEN VIEC PO HAM LUONG PHOTPHO
BANG PHUONG PHAP UV-VIS

Quy trinh do photpho (P) tir dich chiét ddt bang mdy quang pho UV-Vis di duwoc sik dung tiv
ldu, tuy nhién van con dé nhiéu yéu t6 cé tiem ning gdy sai sé cho két qua do ma van chua bdo cdo.
Nghién ciru nay duwoc thiee hién nham khdo sat anh hieong ciia 6 yéu té dén mdt @ quang P, bao gom
ham lwong P cao trong dung dich, thoi gian leu giit dung dich, do bén mau xanh phirc
phosphomolypdenum, and sy co mat cua silicate, nitrite va chromium. Ham luong P cao hon 2 ppm
trong dung dich do lam gidm méi twong quan gitta nong dé P va mdt dj quang, véi hé s6 tiwong quan
thay doi tir 0.999 xuong 0.988. Trong lic thoi gian heu trik dung dich do nhé hon 5 ngdy khéng Iam
thay doi dang ké mdt do quang, thoi gian ké tir khi thém cdc hop chdt tao mau cé anh huong dén mdt
dg quang, ddc biét sau 30 phiit. Biéu nay cho thdy rang mau xanh phirc phosphomolypdenum cé dé on
dinh tot trong vong 30 sau khi thém vdo dung dich do. Sw cé mdt ciia ion silicate lam ting tuyén tinh sie
hap thu tia UV ciia P, nguoc lgi sw ¢6 mdt ciia cdc ion nitrite va chromium lam giam mdt dg quang P.
Suw hd'p thu cuc dai tia UV tgi cdac budc song gcin nhau cia silicate va P ¢é thé giai thich cho cho moi
tuong quan cong huong giita silicate va mat do quang P. Trong khi do anh huong cua nitrite va
chromium c6 thé duoc gidi thich theo cdc co ché khdc la sw oxi hda phire xanh va thay doi chi sé pH
ciia dung dich. Cac két qud nay cho thdy rang két qua do P tir dich chiét dat bang may quang phé UV-
Vis c6 thé bi anh hieomg béi cde yéu diroe khdo sat trong nghién cieu nay. Do do, diéu can thiét ¢6 thém
nhiéu nghién civu khdc dé cdi tién quy trinh do P bang mdy quang phé UV-Vis.
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1. INTRODUCTION

Phosphorous is an important parameter of soil and water as it significantly affects
agriculture production and environment quality. There have been a lot of methods used
to quantify soil P contents (*). The basis different among the methods is the soil-P
extracting method to get wanted P that can be available (%), microbial (%), or total (*) in
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soils. On common step from those methods is the use of UV-Vis spectrophotometer to
measure UV absorption of the extracts at 882-nm wavelength for P estimation (*”).

One principle of the UV-Vis method is that the intensity of the blue color derived
from phosphomolypdenum complex, determined by UV-Vis at 882-nm wavelength, is
proportionally related to P concentration. Rodriguez et al. (%) identified that the blue
color intensity as well as its stability could greatly depend on the properties of measured
solutions. The authors further reported that stability of the blue color strongly depended
on the measured-solution pH and that the color-developing reagent was also time
dependent. There are many factors may influence the stability and intensity of the blue
color, such as presences of unwanted ions (silicate, nitrite and chromium) in the
measured solutions, storage duration and P concentration of the measured solution.

Actually, the UV-Vis has been used to measure silicate content at 815 nm (°),
nitrite content at 210 nm (*°), and chromium content at 540 nm (*!). Different
compounds have peak absorption of the UV at different wavelengths. Because the
wavelength, 882 nm, at which peak UV absorption by P was identified, is close to that
of silicate at 815 nm, the presence of the silicate may increase the UV absorbance
assigned due to P, resulting in an overestimation of P content. Meanwhile, the influence
of nitrite and chromium may be different from that of silicate due to their much lower
UV adsorption wavelength, compared to that of P. The two ions may influence the blue-
color intensity and stability by oxidation of the phosphomolypdenum complex and thus
reducing P absorbance, if co-present. However, there had been no report on these issues,
and thus it is necessary to examine these effects on P measurement.

In addition, UV absorption by P could be influenced by high P contents itself,
meaning that the measured solution having quite high P content may reduce the
correlation coefficient between absorbance and P concentration. Stability of the
phosphomolypdenum blue color, determining the success of the UV-Vis method, is also
a problem and assumingly much depending on time duration since addition of the color-
developing reagent. Therefore, the current study was conducted in a laboratory with
four independent tests. The aims of the study were to examine (1) effect of high P
contents on the correlation coefficient between absorbance and P concentration, (2)
effects of time duration including storage time and duration since addition of color-
developing reagent, and (3) effects of the presences of silicate, nitrite, and chromium on
P absorbance of the UV-Vis at 882-nm wavelength.

2. METHODS
2.1. P measurements by UV-Vis

The method used to quantify aqueous solution P was ascorbic acid-molybdenum
blue procedure reported by Rodriguez et al. (%). Briefly the method included (1)
preparation of measured solutions (see below for more details), (2) addition of mixed
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color-developing reagents including 1.2M H,SO,4, 0.023 M ammonium molybdate,
0.0019 M antimony potassium tartrate and 0.136 M ascorbic acid to the measured
solutions and (3) absorbance measurements using the UV-Vis spectrophotometer (G10S
UV-Vis spectrophotometer, Thermo Scientific Waltham, MA, USA) at 882-nm
wavelength.
2.2. Solution preparation and measurements

There were four independent tests to examine six factors potentially affecting P
absorbance, reported in the current study. The first test was to examine the effect of
high P concentration on the absorbance. Thirty four solutions with varying P
concentrations in ppm were prepared, including 0.00, 0.01, 0.05, 0.1, 0.15, 0.2, 0.25,
0.3, 0.35, 0.4, 0.45, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9,
2.0,2.2,2.4, 2.6, 2.8 and 3.0. The second test was to examine the effect of storage time
on absorbance. Two solutions with two P concentrations at 0.1 ppm and 1.0 ppm were
prepared in 15 replicates each. The total 30 solution tubes were prepared at the same
day and each day was measured with 6 solution tubes (2 concentrations and 3
replicates). The measurements were lasted for 5 consecutive days and the unmeasured
solutions were stored at room temperature in a laboratory. The third test was to examine
the stability of the blue color derived from phosphomolypdenum complex. Two
solutions at 0.1 and 1.0-ppm P concentrations were prepared into 15 tubes each. The
measurements were started after 5, 15, 30, 45 and 60 minutes since addition of the
color-developing reagents. The forth test was to examine the effects of silicate, nitrite
and chromium on absorbance. Two solutions at 0.1 and 1.0-ppm P concentrations were
prepared into 105 tubes each. Thirty tubes at 0.1-ppm P and thirty tubes at 1.0-ppm P
were added with SiOs* solution to make the measured solutions containing 0.0, 0.1, 1.0,
3.0, 5.0, 10, 15, 20, 25 and 30-ppm silicate (each concentration having 3 replicates).
Another 60 tubes were also added with NO, solution in a similar way to make the same
nitrite concentrations (each concentration having 3 replicates). The rest 90 tubes (45 at
0.1-ppm P and 45 at 1.0-ppm P) were added with Cr®* solution to make the measured
solutions containing 0.0, 0.1, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 and
5.5-ppm Cr (each having 3 replicates). All the tubes above were added with color-
developing reagents and measured with the UV-Vis after 20-30 minutes.
2.3. Statistical analyses

The absorbances from three replicates were averaged and percentage changes
were calculated and used to make Figures. For the test of P concentration, all
absorbances were fitted with a simple linear regression model and correlation
coefficients were calculated to examine proportional relationships between absorbance
and P concentration.
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3. RESULTS AND DISCUSSION
3.1. Effect of high P concentrations
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Figure 1. Effect of high P concentration of measured solutions on absorbance.

As the P concentration increased from 0 to 3 ppm, absorbance increased
significantly with r? = 0.988 (Figure 1). Meanwhile, with the P concentration changing
from 0 to 2 ppm, the absorbance proportionally increased with r’ = 0.999. The high P
concentration of the measured solutions created some impact to the UV-Vis readings,
forming a weaker relationship between P content and absorbance. Some reasons
accounting for the impact could be that the intensity of the blue color was not well
proportionally related to the high P concentrations possibly due to lack of the color-
developing reagent. Therefore, it is recommended to measure solution with P less than
2 ppm.
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3.2. Effect of time duration
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Figure 2. Effects of storage day (a) and time duration since addition of color-
developing reagents (d) on absorbance. Figures b, c, e and f were the percentages
compared to day 1 and/or minute 5. The filled circles were absorbance from 1.0-pmm-P
solution and the unfilled circles were those from 0.1-ppm-P solution.

For one or other reasons, it is not always convenient to measure the extracts for P
content right after filtering the digested solution. Therefore, the extracts may be stored
in some places such as bridge for a few days before measurement. Figure 2a showed
that the absorbance of day 1 was similar to those from other days, 2, 3, 4, 5 for each of
the two solutions. Absorbance from the 0.1-ppm-P solution varied from 0.064 to 0.068,
and that from the 1.0-ppm-P solution varied from 0.639 to 0.645. For the 1.0-ppm-P
solution, the variations of absorbance were less than 1 % (Figure 2b), and for the 0.1-
ppm-P solution, the variations were less than 3 % (Figure 2c), compared to the day 1.
These indicated that the extracts can be stored for about five days before UV-Vis
reading without significantly changing the P content.
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In contrast, Figures 2b, 2e, 2f showed that within 30 minutes after adding the
color-developing reagent the solutions should be read with the UV-Vis, otherwise the P
content may drop down significantly. Forty five minutes after addition of the color-
developing reagent, the absorbance changed significantly from 0.069 to 0.057, equal
13%, for the 0.1-ppm-P solution and from 0.66 to 0.57, equal 17%, for the 1.0-ppm-P
solution. These indicated that the blue color derived from phosphomolybdenum
complex was stable for about 30 minutes. Measurement of the P solution after 30
minutes may underestimate the P content.

3.3. Effect of silicate ion
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Figure 3. Effect of silicate ion concentration on absorbance. (a) was absorbance and
(b) and (c) were percentages of 1.0-ppm-P solution, and of 0.1-ppm-P solution,
respectively. The filled circles were absorbance from 1-pmm-P solution and the unfilled
circles were those from 0.1-ppm-P solution.

With an increase in silicate ion concentration in the measured solution, the
absorbance increased significantly, especially when the silicate ion concentration was
higher than 5 ppm for both P concentrations (Figures 3a, 3b, and 3c). While silicate
concentration in the measured solution increased from 0.0 to 5ppm, the absorbance
increased by <5% for both solutions. An increase in silicate content to 10 ppm or above
resulted in a great rise of absorbance, more than 16%.

The use of UV-Vis following molybdenum blue method to measure silicate
content at 815 nm was reported by Samadi-Maybodi & Atashbozorg (°). Because the
peak wavelength of silicate ion is 815 nm, quite close to the applied wavelength to
measure P content in the current study (882 nm), silicate ion may also absorb UV light
and thus increased the absorbance, as seen in the Figure 3a. In fact, silicate is abundant
in most soils. Silicate was also reported to complete with phosphorous for absorption
sites on soil clay and the competition was controlled by soil pH (*?). The authors also
found that at soil pH 7 or above, silicate reduced soil P adsorption, suggesting that the
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presence of silicate may reduce P content in alkaline soils due to leaching. Therefore, it
should take much attention on the presence of silicate when measuring P in those soils.
3.4. Effect of nitrite ion
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Figure 4. Effect of nitrite ion concentration on absorbance. (a) was absorbance and
(b) and (c) were percentages of 1.0-ppm-P solution, and of 0.1-ppm-P solution,
respectively. The filled circles were absorbance from 1-pmm-P solution and the unfilled
circles were those from 0.1-ppm-P solution.

As the nitrite concentration changed from 0 to 30 ppm, absorbance reduced from
0.075 to 0.044, equal 41%, for the 0.1-ppm-P solution, and from 0.66 to 0.41, equal
37%, for the 1.0-ppm-P solution (Figure 4a, 4b, 4c). This indicates that nitrite ion had
some negative impact, reducing the UV absorption, which was in contrast to silicate’s
effect. Actually, solution containing nitrite ion can absorb UV at low wavelength,
maximum at 210 nm, and thus UV-Vis was used to measure nitrite concentration at the
same wavelength (*°). With a peak absorption at relatively low wavelength, 210 nm, the
nitric ion may absorb a very small amount of UV light at high wavelength, 882 nm
which was applied to quantify P in the current study. If the UV absorption by the nitrite
were significant when measuring P content, then the absorbance would increase with an
increase of the nitrite concentration. The opposite result shown in Figure 4a indicated
that nitrite ion may have other mechanisms to affect the absorbance. There are two
possibilities that nitrite may introduce impacts to the absorbance, including (1) nitrite
may oxidize the phosphomolybdenum blue complex, and thus reducing the blue-color
intensity (**), and (2) nitrite addition may change the solution pH.
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3.5. Effect of Chromium
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Figure 5. Effect of chromium ion concentration on absorbance. (a) was absorbance and
(b) and (c) were percentages of 1.0-ppm-P solution, and of 0.1-ppm-P solution,
respectively. The filled circles were absorbance from 1-pmm-P solution and the unfilled
circles were those from 0.1-ppm-P solution.

Similar to the nitrite’s effect, chromium with concentration increasing from 0 to
5.5 ppm also reduced UV absorption from 0.074 to 0.036, equal 51%, and from 0.67 to
0.29, equal 57%, for 0.1-ppm-P and 1.0-ppm-P solutions, respectively, (Figure 5a, 5b
and 5c). In fact, the UV-Vis spectrophotometer was used to measure chromium
concentration at 540 nm (**). The reducing mechanisms by chromium may be similar to
nitrite because the wavelength at which maximum UV absorption by chromium was
found was much lower than that applied to quantify P in the current study.
4. CONCLUSIONS

The UV-Vis spectrophotometer is commonly used to measure P content of soil
extracts using molybdenum blue color methods. The soil extracts more likely contain
other ions such as silicate, nitrite and chromium. The presences of these ions were
found to change P absorbance significantly. High P contents in the measured solutions
also reduced correlation coefficients between P absorbance and P concentration. The P
absorbance was additionally influenced by the time duration since addition of color
developing-reagent. These findings suggest that the blue color method for P
measurement should be improved with consideration of the examined factors for
better results.
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