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Abstract

Background and Objective: Phosphorus is one of the most important nutrients as a form of phosphate ion in the aquatic environment.
The high concentration of phosphate caused the algae bloom. The objective of this study is to determine phosphate uptake by microalgae
Oscillatoria sp.and influenced of optical density, salinity and concentration of the microalgae. Material and Methods: Technique diffusive
gradient in thin film was used to measure phosphate concentration in solution and it related to phosphate uptake by microalgae
Oscillatoria sp. using the spectrophotometric method. Results: The phosphate concentration diffused in the DGT unit related to
phosphate uptake in microalgae Oscillatoria sp. The linear correlation between phosphate in DGT unit and phosphate uptake in
Oscillatoria sp. with the salinity of 0, 15 and 30 g L™! resulted in R? was 0.9820, 0.9449 and 0.9677, respectively. The effect of phosphate
concentration by the DGT technique correlated significantly with uptake by Oscillatoria sp. The optical density, algae concentration and
salinity were contributed to phosphate bioavailability in Oscillatoria sp. From this study, it can explore the equation to predict of
phosphate uptake by Oscillatoria sp. by using [P,,] = {(kX OD)+f) X{Ppsl}. Conclusion: The DGT technique was fairly predictive of
bioavailability phosphate to microalgae Oscillatoria sp.Based on the phosphate concentration diffused in the DGT device, it can predict
the phosphate concentration in algae cells without the destruction of algae cells. This is the new simple method for measuring
bioavailability phosphate in the aquatic environment.
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INTRODUCTION

Phosphorus is the primary nutrient causing
eutrophication and contributes to toxic algae blooms in the
aquatic environment'2 One of the toxic algae found in the
aquatic is Oscillatoria sp?. Bioavailability of phosphate for
algae growth must be determined to control the algae bloom.
The most bioavailable form of phosphate in solution as the
soluble reactive phosphorus®. A standard method for
measuring bioavailability of phosphate has not been
universally established’. Several methods have been reported
in the literature including, colorimetric method*, sequential
extraction® and radiolabeled P-33 isotop’®. The phosphate
uptake in microalgae isimportant to determine because it can
control algae bloom in the aquatic system.

The technique of diffusive gradient in thin film (DGT) is a
passive sampling device and it measures the time-average
concentration of solutes at a deployment time®. The DGT
device consists of a filter membrane placed between solution
and the device, a diffusive film of fixed thickness and a trap
binding gel enclosed by a plastic holder™. The DGT method
has been introduced a method to test the intrinsic mobility
and bioavailability contaminant including P"3. In situ
measurement of bioavailability phosphate could potentially
be used as a method for predicting bioaccumulation by the
aquatic organism. The DGT is a passive diffusion device that
measures phosphate bioavailability'. The DGT technique has
correlated well with metal is taken up by biota when uptake
is sufficiently fast to be diffusion-limited and it is likely to best
mimic bioavailability for uptake by biota'. Some of those
studies were applied to the bioavailability of metal in soil''¢
and bioavailability of phosphate in the soil 722,
studies have shown that DGT measured
concentration correlates well with concentration accumulated
within the plant?'. The studied bioavailability of phosphate in
aquatic for microalgae has not been reported in the last time.
The correlation between the DGT technique and algae uptake
for phosphate will be explored in this paper. The objective of
this study was to the prediction of bioavailability of phosphate
by the DGT technique for uptake algae Oscillatoria sp. with
different salinity and concentration of the algae.

Several

MATERIALS AND METHODS

Experimentalsite: Research work was carried outin analytical
chemistry laboratory Politeknik AKA Bogor, Indonesia in
July-December, 2018.
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Material and research tool: The DGT devices were purchase
from DGT research. Ltd. It consists of plastic molding, a
diffusive gel of polyacrylamide, the binding gel of ferrihydrite
and membrane 0.45 um pore size. The chemicals were

NaNO; (Merck), NaHPO, (Merck), K,HPO, (Merck),

NH,Cl (Merck), Fe-EDTA (Merck), Mn-EDTA (Merck),

Na,-EDTA (Merck), ZnSO,. 7 H,O (Merck), CoSO,.7 H,0 (Merck),
(

Na,MoO,.2 H,0 (Merck), CuSO,.5 H,0 (Merck), H,SeO; (Merck),
MnCl,. 4 H,0 (Merck), thiamin-HCl, biotin, vitamin B12.
Instrumentation of Spectrophotometer UV-Vis (Perkin Elmer).

Preparation of Oscillatoria sp.: Microalgae Oscillatoria sp.
obtained from an Indonesian culture collection, LIPI Cibinong.
It was grown at 25°C and pH adjusted to 8. The medium for
alga growth consist of 200 mg NaNO;, 1.4 mg NaHPO,, 5 mg
K,HPO,, 2.68 mg NH,Cl, 5.2 mg Fe-EDTA, 0.332 mg Mn-EDTA,
37.2mg Na,-EDTA, 0.023 mg ZnS0,.7 H,O, 0.014 mg CoSO,.
7 H,0, 0.0073 mg Na,Mo0,. 2 H,0, 0.0025 mg CuSO,.5 H,0,
0.0017 mg H,Se0s;, 0.2 mg tiamin-HCl, 0.0015 mg biotin,
0.0015 mg vitamin B12 dan 0.18 mg MnCl,.4 H,O in 1 L of
seawater. The algae were harvest after 14 days of growth.

Phosphate uptake by Oscillatoria sp.: Uptake of phosphate
by Oscillatoria sp. was done with different algae
concentrations. This experiment was carried out with different
of alga dosage, initial phosphate concentration dan salinity of
medium. The Oscillatoria sp. was 0.25, 0.5, 0.75and 1.0 g in
250 mL of solution. The phosphate concentrations in the
range of 0.2-1.0 mg L= with the salinity of 15 and 30 g L.
Oscillatoria sp. was incubated in medium for 24 h. After
24 h the solution was centrifugated and phosphate in the
supernatant was measured by spectrophotometric with the
molybdenum blue method.

Phosphate accumulation using in situ DGT method: The
principle of the DGT technique is the diffusion of analyte into
adiffusive layer and accumulation of itin the binding gel. The
concentration of analyte was determined after eluted it from
the binding gel and phosphate dissolved was determined
using the spectrophotometric method. The DGT device with
the binding layer containing ferrihydrite, the diffusive layer
consisted of a polyacrylamide hydrogel and protective of the
cellulose nitrate filter membrane. Standard piston-type DGT
holder with a 2 cm diameter exposure window purchased
from DGT Research Ltd. This device consists of a plastic base,
polyacrylamide hydrogel and ferrihydrite as a binding gel. A
binding gel was placed on the bottom of the holder and was
covered in order by a diffusive gel and cellulose nitrate filter
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Membrane filter

DGT top res > Diffusive layer
<4— Diffusive gel
DGT base — Resin gel

Fig. 1: Components of DGT device

Source: Yao et a/?

membrane. The DGT device was deployed in 250 mL of
phosphate solution with a concentration of 0.2-1 mg L~' for
24 h. The phosphate was eluted from binding gel using
H,SO, 0.5 M. The DGT response was studied by the salinity of
NaCl 0, 15 and 30 g L='. The phosphate concentration was
measured by spectrophotometric with the molybdenum
blue method.

Parameter measured: The DGT measured mass (M) of
phosphate in the binding gel was calculated using the
equation?

M=Ce (Vgel+vacld) (1 )
where, M is the mass of phosphate accumulated, Ce is the
concentration of phosphate in acid, V4 is the volume of gel
and V,.qis volume acid for elution.

The phosphate concentration in DGT device was
calculated in the equation?%

_ MAg
DtA

DGT (2)
where, Cpgris the phosphate diffused to the DGT unit, M is the
accumulated of phosphate (ug), A is the area exposure (cm?)
after a given time (t). The Ag was the thickness of gel
membrane (cm) and Dis the diffusion coefficient (cm? sec™")?2.
The scheme of the DGT device can be seen in Fig. 1.

Statistical analysis: Experiments and analysis were conducted
triplicate and represented as Mean =SD. Data were evaluated
using the excel program and represented the linearity of the
curve.

RESULTS

Relationship between algae concentration and optical
density: Application of DGT technique to the prediction of
phosphate bioavailability using phosphate concentrationina
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Fig. 2: Correlation between algae concentration and optical
density

Table 1: Correlation between salinity and phosphate accumulation

Salinity (g L7") Equation R?

0 y = 9.7429x+0.2952 0.9887
15 y=11.501x-0.4157 0.9883
30 y =9.8629x+0.4352 0.9916

range of 0.2-1.0 mg L=" in 250 mL of solution. The correlation
between algae concentration and optical density was shown
in Fig. 2. The optical density for Oscillatoria sp. in different
concentration showed the concentration of 1 mg mL™'
(0.094%£0.013), 2 mg mL™" (0.190%£0.018), 3 mg L
(0.259£0.017) and 4 mg L' (0.313%0.018). Based on Fig. 2
was resulted in the linear correlation between the increase
of concentration and optical density with R? was 0.9863.
Increased algae concentration caused an increase in optical
density.

Phosphate accumulated in DGT unit: The capability of the
DGT device to the uptake of phosphate in different salinity
was shownin Fig. 3 and Table 1. Based on Fig. 3, it can be seen
that the ability of the DGT device to accumulate phosphate in
the binding gel in different salinity shows a linear correlation.
In generally, salinity does not affect the absorption ability of
the DGT device. From the experiment result, it can be stated
thatthe DGT device can be used to determine phosphate with
different salinity. The result showed a linear correlation with
R2=0.9887 for the salinity of 0g L', R2=0.9833 for the salinity
of 15 g L7" and R? = 0.9916 for the salinity of 30 g L~". The
ability of the DGT device to accumulate phosphate can be
used to predict phosphate uptake by Oscillatoria sp. at
different salinity conditions.

Relationship between phosphate diffused in DGT unit and
phosphate in algae cell: The phosphate concentration
diffused in the DGT unit related to phosphate concentration
in algae cell. It showed in Fig. 4. There is a linear correlation
between the concentration of phosphate in the DGT device
and phosphate in Oscillatoria sp. The Oscillatoria sp.
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Fig. 3: Effect of salinity on phosphate accumulation in DGT device
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Fig. 4(a-d): Correlation between P-alga vs. P-DGT with different concentration of Oscillatoria sp. (a) 1 mg mL™" (b) 2 mg mL™!

()3 mgmL="and (d) 4 mg mL™"

the result, the DGT technique using ferrihydrite as the binding

concentration of 1 and 2 mg mL™" with R? = 0.9820 and
gel can be used to predict phosphate bioavailability in

0.9672. At the algae concentrations of 3 and 4 mg mL™, the
correlation values decreased to 0.7929 and 0.884. Based on Oscillatoria sp. with R =0.9820.
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Fig. 5(a-d): Correlation between P-alga vs. P-DGT with different concentration of Oscillatoria sp. at salinity of 15 g L™
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Based on Fig. 5, it can be seen that the relationship
between phosphate concentration diffuses into DGT with
phosphate concentration uptake by Oscillatoria sp. with a
salinity of 15 g L™". There is a linear correlation between
phosphateinthe DGT device and phosphate in Oscillatoria sp.
The algae concentration of 1 and 2 mg mL™" showed
correlation value of 0.9449 and 0.9198. The concentration of
Oscillatoria sp. at 3 and 4 mg mL~' caused the decreased of
correlationto 0.8655 and 0.8973. The DGT technique provides
a very good correlation for the detection of bioavailability of
phosphate in Oscillatoria sp. with 15 g L~ salinity.

Figure 6 shows the relationship between phosphate
concentrations that diffuse into DGT device and phosphate
concentrations was absorbed by Oscillatoria sp. with the
salinity of 30 g L~=". There is a linear correlation between
phosphate in the DGT device and phosphate in the
Oscillatoria sp. The concentration of 1 and 2 mg mL~" gives a
correlation value of 0.9677 and 0.9181. The concentration of
Oscillatoria sp. at 3 and 4 mg mL~" shows the correlation
value decreased to 0.8562 and 0.8946.

Prediction of phosphate uptake by DGT unit: The DGT
technique can be used to predict phosphate available in algae
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Oscillatoria sp. The result was showed in Fig. 7. The salinity of
the solution was 30 g L= which is seawater salinity inoculated
Oscillatoria sp. algae habitat. The DGT technique can predict
the bioavailability of phosphate through p-available by algae
Oscillatoria sp. There is a linear correlation between algae
density and the ratio [P-algae]/[P-DGT] with the correlation
coefficient r = 0.9409 (R?> = 0.8854) with the regression
equation y = 0.971x+0.7457. The greater the optical density,
the higher the ratio of phosphate concentrations uptake by
algae to phosphate diffuse in the DGT unit. Based on the
experiment, the phosphate concentration absorbed by the
algae Oscillatoria sp. can be calculated based on the
equation:

[Pugee]

= k X Optical density
[PDGT 1 ]

[Palgae ]
[P

DGT]

=0.971x Optical density

[Pa] gae] =k x Optical density X [P, ]
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Fig. 7: Correlation between optical density with ratio of
phosphate in algae with phosphate in DGT device

Based on the equation, it can be estimated the amount of
phosphate uptake by the algae a constant value of k =0.971.
The final equation obtained as follows:

[Re ]34 (kxOD)+f)x[Pyf] ©6)

Where:

[P.gel = Phosphate  concentration
Oscillatoria sp. (mg L™")

was uptake by
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[P oer] = Phosphate concentration diffuses to DGT
device (mg L™")

OD = Optical density

K = Constant=0.971

f = Correction factor = 0.7457

DISCUSSION

Bioavailability of phosphate in microalgae Oscillatoria sp.
was observed by phosphate uptake in solution. Phosphate
uptake was determined by the difference in initial
concentration and final concentration in the medium after
incubation for 24 h. The phosphate uptake by algae cell was
influenced by the optical density, algae dosage and salinity.
This research developed the DGT technique to predicted
phosphate uptake in the medium for algae cells. Based on the
experiment showed a good correlation between P-DGT and
P-algae in algae concentration of 1 and 2 mg with the
equation of y = 94.69x-2.1411 and y = 95.701x-1.8488,
respectively. The concentration of algae in 3 and 4 mg L™
resulted equation of y =72.741x+1.577 and y = 80.1x+2.2968.
The increased salinity caused the decrease of phosphate
uptake by Oscillatoria sp.and gives the different equations.
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The DGT device deployed in phosphate solution in beaker
glass without algae Oscillatoria sp. and other beaker
incubated Oscillatoria sp. in the medium. The phosphate
concentration diffused in the DGT unitis mimic and related to
the phosphate uptake in Oscillatoria sp. The study of the
phosphate bioavailability has been studied by other
researchers. The bioavailability of phosphate in tomato plant?
with R? = 0.93, the bioavailability of wheat** with the
correlation of 0.75 and bioavailability of phosphate in corn?
with the correlation of 0.90. The DGT technique has been used
for the prediction of bioavailability metal in soil. The DGT
technique has been used to predict bioavailability of Cu in
Lactuca sative® with R? of 0.87, Uptake of methyl mercury
in Oryza sativa®® with R2=0.853, Mnin Horedeum vulgare”
with R? = 0.60. The DGT technique can predict the
bioavailability of Oscillatoria sp.in medium with a high salinity
of 30 g L=". The higher phosphate concentration diffuses into
the DGT device, the higher of phosphate uptake by Oscillatoria
sp. A good correlation between phosphate diffusion in DGT
and phosphate uptake by algae Osciflatoria sp.is shown in a
medium with a low optical density value. If the optical density
increases, the correlation value decreases due to the
awareness of competition between algae to absorb
phosphate in the medium. By comparing the correlation
between phosphatein the DGT device and uptake of the algae
Oscillatoria  sp. showed a very good correlation. The
information obtained could predict the occurrence of algae
blooms in the waters. DGT technique can be used to predict
phosphate bioavailability by Oscillatoria sp. algae in medium
with low salinity (0 g L="), medium salinity (15 g L=") and high
salinity (30 g L™") with linear correlation. The phosphate
bioavailability of Oscillatoria sp. algae is greater in areas with
high salinity. These good correlations may reflect the
dependence of free on the concentration of total dissolved
phosphate concentration condition?,
Bioavailability phosphate present in biomass of aquatic
macrophytes and phytoplankton such as microalgae, its
relationship can be seen with eutrophication. It explores by

for some

evaluation quantity of P in aqueous®. The information on
phosphate quantities was adsorbed by the microalgae would
be important. The phosphate accumulated in the DGT device
is a fast way to detect phosphate bioavailability in microalgae
to early detection of microalgae blooming in the aquatic
environment. This method can be applied to the monitoring
of blooming algae in lake and seawater. This study limited in
phosphate inorganic bioavailable and further information
should be studying in organic phosphate form.
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CONCLUSION

The DGT technique has been successfully used to predict
phosphate bioavailability on the uptake of Oscillatoria sp.
algae with different optical density and salinity levels. The
higher concentration from Oscillatoria sp., the greater
phosphate accumulated in these algae cells. This experiment
is carried out at different salinity of 0, 15and 30 g L=". A good
linear correlation is shown between phosphate uptake by
Oscillatoria sp. to phosphate concentrations diffuse on DGT
devices.

SIGNIFICANCE STATEMENT

The scope of the present research is to determine
phosphate in a solution using a diffusive gradient in thin film
related to phosphate uptake by Oscillatoria sp. The correlation
of phosphate diffuses in the DGT unit with phosphate in
Oscillatoria sp. indicated the DGT technique can be used to
predict bioavailability phosphate. This study will help the
research to predict of phosphate uptake by microalgae as
early detection. By using this indicator, we can prevent algae
blooming in the aquatic environment.
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