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ABSTRACT

Phosphate pollution in the ecosystem particularly in different bodies of water may lead to critical degree of contamination and po-
tential ecological risks. As an approach to this problem, the role of solid phase extraction in purifying inorganic phosphate for stable isotope
analysis is expected to have a significant outcome. In this review, analysis of isotopic composition of oxygen in phosphate (8*¥0504) is said to
be a prominent research tool for examining phosphate in water and soil, however, this approach requires purified phosphate. There are
several techniques in purifying phosphate, and one of the leading method is solid phase extraction that showed high efficiency percentage
in purification of target analytes in many studies. Potential use of sawdust as an effective sorbent in solid phase extraction will be discussed
in this paper. Moreover, challenges that are usually encountered in the analysis of 8050, and its environmental applications will be tackled
as well.
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1. INTRODUCTION

Phosphorus is a highly reactive, nonmetallic element that is important as a constituent of the lithosphere and an essential compo-
nent for every cellular material. Within water, abundance of phosphorus occurs in the form of orthophosphate ions (PO,”) in which
stand as the nutrient of water, but excess in phosphate concentration would lead to harmful algal blooms (HAB). Phosphate circulate
through the lithosphere, hydrosphere, and biosphere by means of a biogeochemical process called Phosphorus cycle. In the natural
ecosystem, phosphates are derived from the erosion or runoffs of rocks or land surfaces rich in the mentioned substance, afterwards
conserved for later use as nutrients for plant growth. It is returned into the environment by production of inorganic phosphates from
decaying plants and animal tissues. In agricultural systems, naturally occurring or environmentally available phosphates are combined
with phosphates derived from fertilizers and travels all the way down the ground, passing through the unsaturated region and arriving
at the storehouses of groundwater [24]. Content of phosphate in water often stands as the limiting factor for the growth of algae and
aquatic weeds [48]. As mentioned before, HAB are kind of phenomena called eutrophication, it is the excess growth of algae and other
microbes in the downstream water bodies due to gradual increase in phosphate concentration [24]. Several factors influence the con-
centration of adsorbed and dissolved phosphates in soil or sediments, and in groundwater; some of these are the electrical conductivi-
ty (EC), pH, temperature (T), and dissolved oxygen (DO). Also, there are types of minerals used by soils in adsorbing phosphates, there-
fore partly preventing contamination in the quality of groundwater [62].

Sample preparation is very important in performing analytical procedures. It improves the sample’s limit of detection and isolates
it from unwanted matrix components that can interfere the analysis [14]. Therefore, sample preparation has to be done carefully.

Solid-Phase Extraction or liquid-solid extraction is one of the high-performance method in sample preparation due to its ability to
achieve higher recovery than other methods (D.A. Wells, 2000). It has been progressively used for extracting and determining concen-
tration of different target components from liquid samples including phosphate. SPE was develop as an alternative to liquid-liquid ex-
traction (LLE) and diminished multiple disadvantages such as usage of huge amount of solvents, long operation time, potential source
of errors and high cost materials [52].

The most common design of this technique use polypropylene or sometimes a glass as a cartridge (membrane) to hold the sorp-
tion phase or resin. There is a wide choice of resin for SPE, it comes in different types depending on the target compound to be extract-
ed. In Solid Phase Extraction, the analyte or the sample to be extracted is separated between a sorption phase (resin) and a liquid-liquid
phase (sample). The sample must have a greater affinity to the sorbent than in the sample matrix. While the resin, must be a hydro-
phobic organic compound usually chemically coated with a powdered silica to attract hydrophobic compounds and extract it from the
aqueous solution [12]. Generally, SPE is composed of four steps: preparation of column, loading of sample, post-wash of column and
desorption of sample.

There are different types of SPE namely, normal-phase, reverse-phase and ion-exchange. In normal-phase, the sample matrix (mo-
bile phase) is mid- to non-polar, while the stationary phase and analyte of interest is polar. Reversed- phase, sample matrix is polar or
moderately polar, the stationary phase is a non- polar and the target analyte typically mid- to non- polar. Reversed-phase is the most
commonly used type of SPE. lonic or ionizable compounds are usually the best compounds to be isolated in ion-exchange. This type of
SPE is orthogonal compared to the normal and reverse-phase SPE [54].

SPE, having more advantages than the liquid-liquid extraction, it attracted a lot of researchers, thus, producing a lot of studies
about improving SPE’s resin or SPE method itself. Many previous researches have been talking about the adsorption property of some
naturally occurring waste by-product such as sawdust, rice husk and coconut husk to be a potential adsorbent used in various adsorp-
tion techniques. And among these low-cost waste by-products, sawdust is said to be the most promising adsorbent for removing heavy
metals, color-dyes and some unwanted materials from wastewater [2].

Sawdust, a lignocellulosic material, contains cellulose, hemicellulose, lignin and some functional groups namely hydroxyl, carboxyl,
and phenolic compounds that makes the process of adsorption feasible [37]. One method to make the sawdust material a potential ad-
sorbent is by converting the material into an activated carbon. Although, sawdust can be directly used as adsorbent without any treat-
ment, studies have shown that depending on the activating agent used, activation of sawdust increases the surface area, total pore
volume and possesses a texture with higher porosity characteristic [5].

Several applications or analytical analyses are used for purified and isolated compounds, be it a metallic, nonmetallic, organic, or
inorganic, there are many analytical methods that can be used. However, these analytical techniques ranges from simply measuring the
concentration - but is limited only to knowing the amount of compound in a certain sample, to a more sophisticated technique, that is
knowing the isotopic ratio of an element in a compound to gather more information about the compound.

Isotopes of an element have nuclei that has the same number of protons but differ in number of neutrons. Isotopes can be classi-
fied as stable and unstable. Unstable isotopes are often referred to as radioactive isotopes. Stable isotopes, although they do not emit

GSJ© 2018
www.globalscientificjournal.com



GSJ: Volume 6, Issue 12, December 2018
ISSN 2320-9186
85

radiation, their properties can be used in wide variety of application including water and soil analysis and other environmental applica-
tion. Stable isotopes are also used in forensics, health, and nutritional analyses.

This paper will discuss about phosphates in water and soil, different method of purifying phosphate, and its advancing environ-
mental application. It will also tackle about basic adsorption chemistry, solid phase extraction, how SPE became more preferred meth-
od as oppose to LLE. Theoretical background regarding the analysis of stable isotope of oxygen in phosphate will also be discussed, and
as well as the methodological challenges that usually arise when performing stable isotope analysis.

2. Phosphate capture
2.1. Occurrences of phosphate in water and soil

With the increasing and inevitable pollution in the ecosystems specially in the different bodies of water such as lakes, riv-
ers, groundwaters etc., it may lead to critical degree of contamination and potential ecological risks [62]. One major nutrient
of water that not even a single cell could live without is the phosphorus and its derivatives [45]. Phosphorus exists in many
forms; Orthophosphates (reactive), condensed phosphates (pyro, meta, and polyphosphates) and organic phosphates (found
in plants, animals and humans). Total Phosphorus in water are divided into two categories; the soluble phosphorus and sus-
pended insoluble phosphorus. In which, under the soluble phosphorus includes soluble inorganic orthophosphates, hydrolyz-
able polyphosphates and organic phosphorus. While in the suspended inorganic phosphates includes insoluble inorganic
phosphorous compounds, sorbed or fixed phosphorus and phosphorus in the microorganisms [48].

As it is well known that orthophosphate is the naturally occurring form of phosphorus, in water and soil sediments, it can
be dissolved or adsorbed. Orthophosphates are adsorbed by soil in the cooperation of these types of minerals; clay and metal
oxides [24]. However, there’s a limit in the capacity of soil to adsorb the said nutrient that will remain the excess PO,> dis-
solved in the water. Subsequently, the water would take the dissolved PO,* down from the surface land and underneath the
unsaturated layer of the ground, and keep it in the storehouses of groundwater called aquifer.

In a study conducted by Liu Y. et al on 2018, phosphorus content in water and soil sediments are determined as Total
Phosphorus (TP), Dissolved Phosphorus (DTP), Dissolved Inorganic Phosphorus (DIP) and Particulate Phosphorus (PP) using
ammonium molybdate spectrophotometric method. On the other hand, varying phosphate concentration was used on other
studies to ascertain its effect on Nitrogen (N), Arsenic (As), and other organic matters in water [22][58][62].

Innovated methods on purifying phosphates from water and wastewater would resolve current ecological and environ-
mental issues in the quality and safety of water. Few of these involves filtration with the use of nanofilters, adsorption tech-
nigues using modified activated carbon and, bioreactors and columns filled with foam ceramics, sawdusts and other reusable
wastes [1][30][40][56]. One example of these adsorption techniques is the Solid-Phase Extraction (SPE), this has become one
of the most preferred method in the extraction of target compounds with the reason that it has a faster and convenient oper-
ation, easier manipulations, and reduced usage of organic solvents [33].

2.1.1.  Sources of phosphates
2.1.1.1. Natural sources

There are several sources of phosphates in the natural environment. Eroded PO,* from rocks is one, yet rocks
rich in PO, came mostly from marine sediments (85%), and a little from igneous apatite deposits and guano [58]. Also,
rural land runoff may contain sediments of approximately 500 to 2000 mg/L (ppm) of perchloric acid-oxidizable phospho-
rus that could append to the phosphate content in water. In United States, it was stated that animal wastes contribute an
enormous amount of phosphate released in the environment, including the decomposition of plant, animal and human
tissues. According to a study made by Holt, Timmons, and Latterell in 1970, the said animal wastes contains four times
more amount of phosphates than it contains in the human wastes. Moreover, there was a report that indicate an annual
range of 20-25% of phosphorus that was released in the Big Stone Lake are from cattle feeder lots.

2.1.1.2. Agricultural sources

Phosphorus as a primary nutrient for the growth of plants, it is added into the fertilizers used in farms and
crops. Despite this fact, it was shown in a study that runoff from farm lands can contribute an appreciable amount of
phosphorus to waters [48]. A study made by Timmons (1969), he investigated three methods of incorporating super-
phosphates into the surface soils concerning the concentration of the dissolved phosphorus in runoff waters. In which, he
concluded that deeper incorporation of fertilizers into the surface soils gives substantially lower concentration of dis-
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solved phosphorus in runoff waters. In that simple experimentation, it could be confirmed that fertilizer application on
agricultural crops is another potential source of phosphates that can affect the quality of groundwater.

2.1.2. Phosphate migration

Migration of phosphorus from its sources to the hydrosphere was made possible due to erosion done by water in the
form of land or surface runoffs, and rain precipitates. Surface-water runoff from rainstorms or excess irrigation is one primary
way that dissolved PO, or sorbed PO, is being carried in most watersheds [24]. Metal Oxides and Clay with fine-grained iron
oxides are bound to the soil, where in PO43' binds and form metal salts. Iron oxides in soil may not be able to handle an enor-
mous amount of PO43', hence, the adsorption capacity of soil would reach its limits. The excess PO43' in this case, will dissolve
and flow down the streambed. As it was stated by Domagaslki et al in 2012, that “Dissolved phosphorus can move vertically
across the streambed interface in either direction, and in that process can alter the phosphorus concentration in streams and
groundwater”. It is reported that the concentration of adsorbed PO, is inversely proportional with the concentration of dis-
solved phosphorus. In line with that, correlates the mobility of PO,*, meaning the the higher mobility of adsorbed phosphates
signifies lower mobility of dissolved phosphorus, and vice versa.

2.1.3. Parameters affecting phosphate concentration

Parameters affecting the concentration of adsorbed and dissolved phosphates in soil or sediments, and in groundwater
are the pH, temperature, dissolved oxygen and electrical conductivity.

According to “Phosphorus and Groundwater: Establishing Links Between Agricultural Use and Transport to Streams”, it
was announced that 1 out of 5 sites (Washington, California, Nebraska, Indiana and Maryland) where the acidity/basicity of
the unsaturated-zone water and groundwater were tested, where in results implied that Maryland site have the greatest ca-
pacity to adsorb and retain PO,> with pH of near neutral in the unsaturated-zone and with a slightly acidic groundwater. Con-
cluding that, at the pH of neutral to slightly acidic, adsorption capacity of soils is at best.

Temperature of water partly affect the speed of growth of microbes like phytoplankton. High temperature in normal
(May) and flood (August) seasons accelerates growth of phytoplankton compared to lower temperature of the dry season,
with 18-25 °C and 9-14.7 °C of surface water temperature, respectively [62]. In short, the temperature is directly proportional
to the speed of growth of microbes.

Iron oxides are maintained bound to the soil with the help of dissolved oxygen (DO). It is preventing from washing the
metal oxides off of soil surface. As agreed by Domagalski and Johnson, the ability of iron oxides to adsorb and retain PO43-
depends upon the presence of DO in the surrounding water and below-neutral pH (less than 7). Even though, DO helps on
maintaining the metal oxides in soils, it might be the opposite in water, since phytoplankton consumes DO as part of their cel-
lular respiration, high concentration of it in water would accelerate growth of microbes [62].

It was simply reported by Liu et al that annual electrical conductivity range is equal to 26.7-59.9 mS/m. Concluded that it
has the same electrical conductance of tap waters.

2.1.4. Minerals in soil

As mentioned before, clay and metal oxides hold primarily responsible for PO,> adsorption in soils. In addition, soils that
are calcium carbonate rich could limit the mobility of PO,> from going downstream the watersheds underground, because it
would result to the formation of calcium phosphate [24]. Moreover, arsenic (As) correlates with PO, as its competitor in
binding with metal oxides in soil. Forthwith could bring confusion if what compound from the two will be favored on being
dissolved in the water or sorbed by the soil.

Pollutants in water

Over population of such compound in any bodies of water particularly ponds, lakes, rivers and groundwaters could cate-
gorize the compound as a pollutant, whether it’s a nutrient in water or any biochemical matter that is necessary for the aquat-
ic life to survive.

2.2.1. Phosphate pollutant

Eutrophication is a phenomenal evident that in the excess of PO,*, PO,> become a pollutant in water. Increase in concen-
tration of PO,* may lead to degradation of water quality, depletion of Dissolved Oxygen, and formation of ammonia that
could kill marine plants and animals.
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With the common knowledge that the higher phosphate there is in water means the higher the risks of blooming pollu-
tion to water, signifies that microbes may rapidly grow and propagate, and could even exhibit an outbreak of HAB [62]SSSS.
Although DO help by preventing metal oxides and other minerals from being washed off of the soil, with a gradual growth of
microbes, DO in water are majorly consumed by the phytoplanktons and the like, instead of fishes, seaweeds, etc. Stated in a
study made by Liu et al on 2018, nutrient structure (NS) of water was introduced and explained the rational relationship of ni-
trogen in the form of dissolved inorganic nitrogen (DIN) and phosphorus in the form of dissolved phosphorus (DTP).

NS=  ([DIN])/([DTP]) eq. (2.2.1)

In DIN, it usually contains more than 90% of Nitrate Nitrogen (NO;~ N) and less than 10% of Ammonia Nitrogen (NH;™N),
yet changes in the temperature of water depending on the season could affect the ratio of NO;~ N and NH;~ N in DIN. It was
elaborated that increase in temperature favor the reaction of nitrification to form NO;™ N than NH; ™ N. Formation of ammonia
in water are favored in lower temperature with high concentration of DIN paired with low concentration of DTP. In accordance
to the basis of which from the two (N and P) are the limiting factor, value of NS in the mentioned situation would result to
value of higher than 16, therefore, confirming that Phosphate does affect the production of ammonia in bodies of water.

Other naturally occurring components in water are consist of chemical and biological matter, like, sulfates (SO,%), fluo-
rides (F)) and organic carbons (OC). Apart from the outcome with over population of PO,> in water, OC could also strengthen
the danger of microbial growth.

3. Solid Phase Extraction

Solid phase extraction (SPE) is a widely used sample preparation technique in analytical laboratories because of its rapidness and
selectivity [8][23]. This method is commonly used for extracting and isolating target analytes, usually from a mobile phase. It is usually
utilized to clean up a sample before analysis or performing other analytical methods to quantify the presence of analyte in a sample.
The primary goals of SPE are trace enrichment (concentration), matrix simplification (sample clean up) and medium exchange (shifting
from sample matrix to a different solvent). It was initially developed as a replacement to liquid-liquid extraction (LLE) to reduce errors
and other disadvantages. In the present time, SPE is now the most common sampling technique in many areas of chemistry, like phar-
maceutical, clinical, environmental, food and industrial chemistry [8]

3.1 Solid Phase Extraction (SPE) as a Replacement for Liquid-Liquid Extraction (LLE)

For many reason, solid phase extraction is the most preferred sample preparation technique than other analytical meth-
od, such as Liquid-liquid extraction. SPE is a cost-effective technique, often achieving higher recovery of analyte than other meth-
ods because of its selectivity [14]. Conventional LLE is labor intensive, consumes long operation time, difficult to automate, and is
frequently plagued by practical problems. One of those problem is the formation of emulsion between the aqueous and organic
layers preventing phase separation. In addition, it consumes a relatively large volumes of high-purity solvents that requires a dis-
posal of high cost materials. By contrast, there is a lot of advantages in using the SPE method from a low intrinsic costs, shorter
operation time, low solvent consumption and simpler processing procedures. SPE is also easier to automate using robotics, cen-
trifugal or special-purpose sequential or parallel flow processing units that simultaneously extract and prepare samples for separa-
tion [8][13][52].

Many analyst had used solid phase extraction and liquid-liquid extraction in their studies to compare each performances.
According to the study of J.L Bonnefous et. al. about the determination of diltiazem and its metabolite plasma, solid phase extrac-
tion had resulted to a higher recovery with 90% of compounds, whereas for liquid-liquid extraction, mean recovery ranged from
62% to 82%. They conclude that SPE is more convenient, rapid and sensitive because of its improvement in limit of detection than
LLE and represents a useful analytical tool for the monitoring of diltiazem and its metabolites in clinical investigation [23]. Another
comparison of SPE and LLE by M. P. Juhascik and A. J. Jenkins for alkaline drugs, focused to determine the feasibility of switching
from an existing LLE to SPE. In a blood sample, the limits of detection (LOD) of 122 drugs and metabolites were determined using
the SPE method and compared to the LOD’s by LLE. Both method established that there were 41 drugs that has LOD’s in blood;
SPE had a lower LOD for 16 (39%), while LLE had a lower LOD for 8 drugs (19.5%), and for the remaining drugs LOD’s were compa-
rable. The SPE method had detected several drugs that LLE couldn’t detect most notably, morphine and benzoylecgonine [38].

3.2 Retention Mechanisms in Solid Phase Extraction

To know the appropriate type of SPE or the right sorbent to use in analysis, an analyst must understand the mechanism(s)
of interaction between the sorbent and the target analyte. The properties of both solute and the sorbent whether it is polar, non-
polar or ionic must be considered. The most common retention mechanisms in SPE are based on Van Der Waals or dispersion forc-
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es (non-polar or hydrophobic interactions), dipole-dipole forces (polar interactions), dipole-induced dipole interactions, hydrogen
bonding, pi-pi interaction and electrostatic attraction [54].

According to Supelco solid phase extraction comes with general theory interactions: Normal phase, Reversed phase and
lonic exchange

3.2.1 Normal Phase

This type of separation involves a mid- to non-polar sample matrix (mobile phase), polar stationary phase and a
polar analyte of interest (e.g. acetone, chlorinated solvents and hexane). Under normal phase condition the retention of
an analyte is primarily due to interactions between polar functional groups of the analyte and polar groups on the
sorbent surface. Among others, these include retention mechanism such as hydrogen bonding, n — n interactions, dipole-
dipole interactions, and dipole-induced dipole interactions. To elute an adsorbed compound from a normal phase SPE
tube or disk, solvent must be more polar than the sample’s original matrix to disrupt the forces that bind the compound
to the packing [54].

3.2.2 Reversed Phase

Typically involves a polar or moderately polar sample matrix (mobile phase) and a non-polar stationary phase.
The analyte of interest typically mid- to nonpolar. The retention applied in this mechanism is nonpolar-nonpolar attrac-
tive forces or commonly called the Van Der Waals forces. Due to the attractive forces between the carbon-hydrogen
bonds in the analyte and the functional groups on the silica surface, retention of organic analytes from solutions like wa-
ter onto these SPE materials happened. A compound adsorbed by these mechanisms is eluted by a nonpolar solvent to
disrupt the binding mechanism [54].

3.2.3 lonic Exchange

This type of SPE can be used for compounds that are charged when in a solution. The sorbent has an ionically
charged surface of opposite charge to the sample ions. Aqueous buffer is used as a mobile phase, where both pH and
ionic strength are used to control elution time. A negatively charged (anion) compounds can be isolated on a quaternary
amine bonded silica with Cl- counter-ion or aminopropyl bonded silica cartridges. Positively charged (cation) compounds
can be isolated by using sulfonic acid bonded silica with Na+ counter-ion and carboxylic acid bonded silica with Na+ coun-
ter-ion cartridges. The electrostatic attraction of the charged functional group on the compound to the charged group
that is bonded in the silica surface, is where the retention mechanism based. To retain the compound by ion exchange
from an aqueous solution, the pH must be one at which both the compound of interest and the functional group on the
bonded silica are charged. The stronger the charge on the sample, the stronger it will be attracted to the ionic surface
and, thus, the longer it will take to elute [54].

3.3 Sampling Formats in SPE

Solid-phase extraction during the last 25-plus years, has become one of the most common sample clean-up and concen-
tration technique used by analytical chemists. Single disposable columns and cartridges has been a traditional format for SPE. Its
advantages are that multiple samples can be extracted, only low volume of solvents are used and procedures can be easily auto-
mated. The technology has been improved with the introduction of more selective solid sorbent chemistries to improved perfor-
mance and automation possibilities. The range of sampling formats has been expanded from simple packed syringes to cartridges,
discs, SPE pipette tips and 96-well plates. These developments have facilitated automated off- and on-line sample processing
[13][47][21].

3.3.1 Cartridge

The usual design of a classic SPE cartridge is a small propylene or glass container with sorption phase. This is still
the most popular format of SPE with typically between 20-mm frits between 20-pm frits. Disadvantage with SPE cartridge
is that sample processing rates are slow because of their cross-sectional area, they become blocked by particles and ad-
sorbed matrix [47][36].

3.3.2 Discs

The parameters of interest in selecting a disc for a particular application are size, sorbent chemistry and sample
capacity. SPE discs are available in various styles and sizes. The disc was a packing-impregnated polytetrafluoroethylene
(PTFE) flexible disc that had approximately 8-um particles that superficially resemble to a filter paper discs. This format
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had a much greater cross-sectional area than the cartridges. Subsequently, analyst can use higher flow-rates for large
volumes of low-concentration sample, as might be encountered in analyses [8][47].

3.3.3 SPE Pipette Tips

The pipette tip-SPE (PT-SPE) is a miniaturized format of SPE and has become an important tool for concentration
and purification because of its excellent selectivity and sensitivity. The significant advantages of this method includes
higher speed, reduces solvent consumption because of the small bed volume and sorbent mass in the pipette tip, and
enhanced ease of operation [43]. In additional it could be used with multichannel pipetters, and the liquid could be bidi-
rectional. Several companies began to manufacture pipette tips, each with a different twist [47].

3.3.4 96-Well SPE plates

The 96-Well SPE Plates is a new format of SPE with 8 x 12 well spaced 9.0mm from centre-to-centre. It is based
on the standard microtiter plate format. Each of the 96-Well plates has a small 1 or 2 mL SPE column with 10-100 mg of
packing material. As in an SPE cartridge, the packing material is placed between the bottom frit (membrane) and a top
frit. This plate allows 96 samples to be extracted in approximately one hour or less. Processing 96 sample simultaneously
reduces handling errors and limits labor-input [47].

4. Sawdust as an adsorbent

In solid phase extraction, resin plays an important role in isolating and extracting target compounds. However, the popular format
of a typical SPE setup as well as the sorbents used are known to be very expensive. For this reason, maximizing the use of waste by-
products is an efficient way to produce a low-cost SPE setup, at the same time reducing wastes that is abundant in the environment.
There are several agricultural waste by-products that are used as adsorbent for removal of dyes and heavy metals in limnological wa-
ters under study. And one of the most promising material used for various studies is the wood sawdust.

Wood sawdust is a naturally occurring waste by-product that is observably potential for the adsorption of heavy metals or non-
metallic compounds. However, several methods have been used to treat wood sawdust to produce a more effective adsorbent. One
method is the activation of sawdust by treating the sample with activating agents such as phosphoric, sulfuric and boric acid. Although
converting the sawdust to form activated carbon is widely used technique for adsorption, various studies have established other meth-
od which include the modification of sawdust. The mentioned impregnation techniques can increase the capacity of sorbent to adsorb.

In this section, related studies concerning the adsorption capacity of sawdust proving that it is a potential adsorbent was discussed
and reviewed.

4.1. Activated carbon derived from sawdust

Activated carbon is widely used for various applications such as air purification, water purification, air filters in respirator,
etc. The ability of activated carbon to purify and filter is because of its structure that contains micropores, mesopores and
macropores. Also, it has a large internal surface and high degree porosity that is the reason why it is used in the recent years [34].
This property of activated carbon leads to its good performance as an adsorbent.

Variety of sources are used to produce activated carbon. However, expensiveness and regeneration difficulty of commer-
cially available activated carbon hinders its widespread use. For this reason, many researches has developed and used agricultural
waste as precursor, specifically, sawdust in substitute to produce activated carbon. The activation of carbon involves two important
steps namely, the carbonization and activation. In carbonization process, the lignocellulosic components of sawdust will be de-
composed to eliminate the non-carbon element of the raw material by thermal decomposition that is divided into four phases de-
pending on the temperature of each stage. Whereas, the pore beyond the material is starting to develop. In activation, either
physical or chemical treatment is used. Physical activation is conducted at high temperature and in the absence of oxygen in an in-
ert atmosphere. Production of activated carbon by chemical treatment on the other hand, is conducted at low temperature and is
impregnated with activating agents including potassium hydroxide (KOH), sodium bicarbonate (NaHCO3), zinc chloride (ZnCl2),
phosphoric (H3PO4) and sulfuric acid (H2504). These activating agents act as dehydrating or oxidizing agent which also decompos-
es lignocellulosic materials and enhances the percent yield of activated carbon produced as well as its adsorption capacity.

Attia et al. (2015) presented the effect of activating agents prepared in three series of sawdust activated carbon wherein
a common horizontal furnace was used for different activation process. In series A, direct carbonization at 700°C under the influ-
ence of nitrogen flow was conducted for 2hrs and was then oven dried at 110°C for 24hrs. On the other hand, the produced char in
series B has been impregnated with KOH at 1:1 ratio. The dried solid mixture then was employed to carbonize at 600°C for 2hrs
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and was soaked in HNO3 for 24hrs to remove alkali residual in the carbon pores. Series C then was prepared by impregnating the
produced char with 50% (v/v) H3PO4 overnight and carbonized at 600°C for 2hrs, and was further washed by 1% NaHCO3 to elimi-
nate acid residual. In the study, the surface morphologies of the tested samples were presented by scanning electron microscope
(SEM) and based on data, although activation by H3PO4 produced activated carbon with the highest surface area, activation by
KOH vyields also a highly defined pores and cavities. Whereas, this implies that in activation of carbon, activating agent is an im-
portant factor to improve the porosity and surface area of the material.

In general, utilization of wood sawdust is proven to be a potential substitute for commercialized activated carbon. Also,
this material provide a practical and sustainable source for development of a better quality low-cost activated carbon that would
be of great help in treating waste and limnological waters.

4.2. Characterization of sawdust adsorbent

Sawdust as an adsorbent is used for water treatment such as removing organic and inorganic compounds. It consists of
abundant lignin, cellulose, hemicellulose, and functional groups including carboxyl, phenol, amide and hydroxyl compounds which
are responsible for the adsorption process of the structure [37]. And to enhance the adsorption capability and efficiency of saw-
dust, chemical pre-treatment is further needed [2]. In section 1.1, it is observed that sawdust waste by-product is an appealing
material to substitute the commercially activated carbon. Recent studies proved the hypothesis about the adsorption capacity of
sawdust activated carbon by conducting an analysis. Fourier transfer infrared (FTIR) and scanning electron microscope (SEM) are
examples of those instruments that are needed in investigating the composition and surface morphologies of the sample.

Benyoucef et al. (2012) tested the suitability of modified Aleppo pine sawdust with urea for removal of phosphate ions
from water. The surface morphologies of unmodified and chemically modified sawdust were determined using SEM. And the im-
ages revealed that the chemically modified sawdust created more pores than in unmodified one. Due to higher porosity devel-
oped, this means that the chemically modified sawdust also yields a more accessible surface area thus, a greater adsorption capac-
ity occurred at the equilibrium. Khattri et al. (2011) presented the characterization of sagaun sawdust by IR spectroscopy to de-
termine the functional groups present in the surface of the adsorbent. The IR spectra however, shown the absorption band at 1639
c¢cm-1 and 1512 cm-1 indicating the presence of aromatic ring. Also, the presence of strong bands of Si-O linkage was observed at
1033 cm-1 and 1039 cm-1 respectively. For some studies, the sawdust activated carbon is characterized for yield and iodine num-
ber [7]. By which, iodine number indicates the porosity of the activated carbon that is defined as the milligrams of iodine adsorbed
per gram of carbon and also represents the surface area governed by the pores larger than 10 A). The Brunauer, Emmett and Teller
(BET) technique is also used by other studies to measure surface area including the pore size distribution. Dissolution rate is also
predicted here as it is proportional to specific surface area.

4.3. Heavy metal and dye adsorption by sawdust

There are various techniques used to remove heavy metals and dyes in aqueous solutions namely ion exchange, precipi-
tation, coagulation, reverse osmosis, membrane separation, electrolysis, aerobic and anaerobic treatment, bacterial treatment,
electrodialysis, magnetic separation, microbial reduction, photochemical reactions, ultrasonic treatment and adsorption [37].
However, inexpensiveness and ease of operation in adsorption makes it to be the most used process among the mentioned tech-
niques. In this section, recent studies regarding the removal of heavy metals and dyes using sawdust as adsorbent were presented.

4.3.1.  Adsorption of heavy metals

One of the major contributor of contaminants in most water bodies are the heavy metals. These metals in higher concen-
tration such as cadmium, zinc, lead, nickel, iron, manganese, chromium, copper and cobalt can lead to water pollution that
can harm aquatic plants and animals as well as human beings. And in order to reduce the abounding concentration of heavy
metals in surface waters, removal of these by adsorption can help the environment.

Gupta et al. (2009) investigated the performance of raw neem sawdust and mango sawdust on removal of hexavalent
chromium from aqueous solution by varying pH, concentration of Cr(VI) and contact time. Earlier studies have shown that pH
is @ major parameter that has a high effect in the adsorption process. Because of this, different pH level was conducted in this
study in order to identify the effect of this in the adsorption of chromium.

Another study [31], removing copper and zinc ions from aqueous solutions using sawdust as adsorbent has presented the
adsorption capacity of modified and unmodified sawdust. To increase the adsorption capacity of the material, sodium hydrox-
ide and sodium bicarbonate were used to modify the sawdust.

Some investigators have been studying toward the application of conducting polymers such as polyaniline and polypyrrol
for the removal of heavy metals. Ansari et al. (2006) chemically synthesize polyaniline which was coated on sawdust and was
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used as adsorbent for removal of lead ion from aqueous solution. Here, polyaniline was used as a cation exchanger material.
Although this study has a different approach, varying parameters such as pH, concentration of lead, sorbent dosage and con-
tact time were also tested.

Begum et al. (2013) on the other hand prepared two different forms of sawdust for the removal of chromium (VI) ion
from aqueous solution. One sorbent is an acid-activated sawdust in powder form where sulfuric acid was used as activating
agent and the other one is the surface-modified sawdust in bead form where sulfuric and chitosan gel were impregnated in
the material. Batch adsorption experiments were carried out to determine the efficiency of two forms of sawdust to remove
chromium (VI) ion.

The studies mentioned investigated the capacity of sawdust in adsorption of various heavy metals. Although each re-
search have its own approach in the method such as activating, modifying, and combining sawdust to another substance, the
factors that affects adsorption did not vary.

4.3.2. Adsorption of dyes

Like heavy metals, dyes are also contaminants mostly found in water bodies. The color dyes that are used on textile, rub-
ber, plastics, paper etc. are industrial wastes that are capable in harming aquatic life. One of the efficient methods to remove
dyes from effluent, is of course, the adsorption process.

Malik P.K. prepared activated carbon from mahogany sawdust as adsorbent for the removal of acid dyes. The study inves-
tigated the adsorption capacity of sawdust in removing acid dyes from aqueous solutions. Due to the presence of acid yellow
36 in waste waters, it was selected as adsorbate for the experiment since it was reported toxic and carcinogenic.

Khattri et al. (2011) tested the adsorption capacity of sagaun sawdust by removing crystal violet dye from simulated
waste water. Batch adsorption experiment was conducted and varying parameters such as pH, adsorbate concentration, agita-
tion time and temperature was also explored.

Chakraborty et al. (2006) carried out adsorption for the removal of two reactive dyes namely reactive red and reactive
black (commercially known as Cibacron Red RB and Cibacron Black B) from a textile effluent using hardwood sawdust as an
adsorbent. Here, phosphoric acid was used for the impregnation of material. The concentration of the two system was pre-
dicted by external film mass transfer coefficient and an internal effective diffusivity.

Other than dyes and heavy metals, there are studies conducting an experiment that also removes oil and toxic salts from
water bodies using sawdust. Most of the studies that utilized sawdust as an adsorbent tested the adsorption capacity of mate-
rial by varying parameters. However, there are specific concepts used to analyze clearly the property of sawdust or other ma-
terials.

5. Stable Isotope

Stable isotopes had been used primarily to track elements like oxygen (0), nitrogen (N), sulfur (S), and carbon (C) during transfers
and to understand different interaction during their cycles [17]. Along with the advances of technology, a sophisticated method of
tracking isotopes has been developed. Stable isotope analysis, inarguably, have a great contribution in the scientific community and
have a huge benefit for environmental and future studies. This section will i) examine theoretical background to the use of 50504 in
studying P; and ii) inspect methodological crisis that usually happens in analysis of §'%0pc,4 in different ecosystem.

5.1. Theoretical Background: Isotopic Composition of Phosphate

Stable isotope analysis requires an element to have at least two naturally-occurring stables isotopes, with the changes in
the ratio of individual isotopes of an element in a sample with respect to a known ratio as reference [10] Phosphorus (P) lacks sta-
ble isotope — it only has one stable isotope (*'P). For this reason, stable isotope analyses cannot be performed in P atom in phos-
phorus containing compounds. So it led many researchers to study the isotopic composition of oxygen (O) in phosphate (PO,>),
which is the predominant form of P in the natural environment [16]. Thus, attention has really focused on whether the stable iso-
topic composition of O in PO,> can be used to acquire information regarding the cycling of phosphorus. Gruau et al. (2004) found a
notable variability of §'®0p0, Within P sources and substantial overlap of 6'®0p0, among different P sources and therefore, seeks va-
lidity of this method as a research tool. That being said, a lot of researches use the ratio of isotopic composition of O in PO,
(6™0pog4) to track P in different ecosystem [26][35].
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5.2. Methodological Challenges
5.2.1. Phosphate extraction protocols

This type of research tool has been a challenging one especially in the preparation of sample and the analysis it-
self. Tudge (1960), who first explored many aspect of apatite [6] described the first method to isolate PO,> in natural apa-
tite. Tudge (1960) emphasized the removal of chloride and organic matter in apatite sample. This follows the slow precip-
itation of BiPO, to avoid bismuth nitrate interference, followed by complete drying of BiPO, for 3 hours at about 140°C.
This specific method was polished by Kolodny et al. (1983) and has been a standard method through the years. However,
using bismuth to isolate PO, is hygroscopic, thus, makes the analysis of 6§'®0pq, difficult for future studies [17]. Precipita-
tion of AgsPO, was introduced by Firsching (1961) and was used as an alternative to BiPO,.

Digestion of phosphate material with HF for 12-24 hours

N2

Separation by centrifugation and decantaion calcium fluoride residue and phosphate solution

N2

Neutralized by KOH

A4

Binding PO, on an ion-exchange resin

N2

Elution with NH,NO,

A4

Ag,PO, crystal precipitation using nitrate ammoniacal silver nitrate

Figure 5.2.1. Ag3PO4 Method — Summarized chemical protocol to isolate PO,” from apatites in the form of Ag;PO, [6]

AgsP0O, method is summarized in Figure 5.2.1. This was directly derived from the original method by Crowson et al.
(1991). Elution process was by Firsching (1961). After precipitating Ags;PO, crystal using nitrate ammoniacal silver nitrate,
the solution was then separated by centrifugation, and was washed then air-dried at 60°C. Precise identification of phos-
phate is possible because of the high gravimetric factor of silver phosphate. The crystal, at this point, is contaminated
with some organic compound mainly from an organic solution from the ion-exchange resin, and is a greenish brown color
[45].

Furthermore, there are problems that usually arise when producing Ag;P0,. The most common one is the presence of
metallic interferences such as Fe, Mn, and Al that are present in the sample. To identify its presence, the solution will
turn from yellow to red during neutralization with KOH. Low reproducibility yields for duplicated sample is also a common
problem encountered during the analysis of §'®0p, This is due to the replacing of phosphates with carbonates, silica, or
metallic oxides [6].

Table 5.2.1. Comparison of Ag;PO, and BiPO, method

AgsPO, method BiPO, method
Less time-consuming — approximately 3 days Long operation time — approximately 6 days
Produces AgsPO, which is not hygroscopic Produces hygroscopic BiPO,

Having a difficult time to degassed and dried in

Easily degassed and dried in vacuum line .
vacuum line
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One major advantage of using AgsP0O, to isolate PO, is that, Ag;PO, is not hygroscopic [17] therefore, it will be
easily degassed and dried in vacuum. However, the purification procedure used to acquire Ag;PO, needs to be adjusted
depending on the nature and chemistry of the sample needed to be analyze.

A lot of commonalities in the protocols had been observed across different studies in the analysis of §'¥0pq, par-
ticularly in the first procedures before AgsPO, precipitation. Concentration of PO, by co-precipitation with brucite or milk
of magnesia following the magnesium-induced co-precipitation (MaglC) method that was introduced by Karl and Tien
(1992) was used by MclLaughlin et al. (2004) and Goldhammer et al. (2011). McLaughlin et al. (2004) and Weiner et al.
(2011) used the cerium phosphate procedure which requires a pH dependent precipitation of pH5.5. Furthermore,
Weiner et al. (2011), MclLaughlin et al. (2004), Goldhammer et al. (2011), and Tamburini et al. (2010) uses anion-
exchange resin to remove cations in H" form [10]. Final precipitation of Ag;PO, includes the addition of AgNO;, NH,NO;,
and NH,O

5.2.2. Halogenation of bismuth phosphate and silver phosphate

Historically, fluorination (using BrF;) and bromination (using Br,) of phosphate precipitate was used to deter-
mine isotopic composition of oxygen in phosphate (5'%0p0,). These processes will halogenate the bismuth or silver ion,
and will reduce bromine present while releasing O, gas which can be converted quantitatively to CO,. The reaction for
these methods are shown in equation 5.1 and 5.2. However, studies have shown disadvantages such as, poor O, yields,
time-intensive preparation, can produce hazardous chemicals, and requires large sample sizes for both methods.

BiPO4 + = BrF; — BiF; + PF;5 f‘ ;Brz +20, [51]
2Ag;POS+ Br, —» Ag P07+ > 0% +2AgBr [5.2]

5.2.3. Isotope-ratio mass spectrometer as a detector for §20pos

Isotope-ratio mass spectrometry (IR-MS) is a technique that is used to determine the relative abundance of an
isotope in a given sample. Conversion of AgsP0O, to CO for analysis is done through pyrolysis at 1270°C to 1450°C usually
in the presence of a carbon source to prevent full conversion. The carrier gas is helium, it transfer the gas sample to into a
mass spectrometer via a continuous flow mode. Mass signals of 28 (**C*®0) and 30 (**C*®0; *c'®0; *c'’0) are then inte-
grated and calculate the 80/%0 ratio [10].

The lack of internationally certified Ag;PO, standards became a major challenge in the analysis of §¥0pq,, de-
spite of it being used for a long time in determining 80504 in archeological and paleoclimate studies [10][57]. Using
compounds other than Ag;PO, like benzoic acid can introduce matrix to the sample that will have an effect to the analysis
[10].

Summary and Conclusion

Phosphate pollution in the ecosystem particularly in different bodies of water might lead to critical degree of contamination and poten-
tial ecological risks. In response, several purification techniques were introduced. Various sources of sample in diverse location were ana-
lyzed via spectrophotometric methods and instrumental analyzers.

In performing analytical method in a laboratory, solid-phase extraction has been effectively used as a sample preparation technique be-
cause of its promising capability for extracting and isolating target analytes away from interferences with high recovery. This technique was
more preferred than other separation method because of its advantages that solved some analytical problems before such as usage of
large amount of solvents, long operation time, in need of intense labor and errors. In the present time, many scientist is still developing SPE
for a higher performance in the future.

Several studies have investigated the potential use of sawdust material in dye and heavy metal adsorption. And it is observed that vari-
ous factors such as pH, adsorbent dose, temperature, adsorbate concentration and contact time are capable of influencing the adsorption
capacity of sawdust. Also, for most studies, Langmuir and Freundlich models played an important role in analyzing adsorbent as they have
been useful in examining the adsorption behavior of sawdust. In general, the utilization of this low-cost material would be quite useful in
developing technology for treating water and waste water. Furthermore, application of this development in solid-phase extraction can be
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possible to increase the industrial importance of sawdust as an adsorbent.

Stable isotope analysis can be a useful tool for identifying history, sources and a great help for tracking a certain compound in its corre-
sponding cycles. However, this method is still in its developing stage and there are a plenty of room for improvement. The potential of this
analysis as a tracer can be further developed especially with this kind of technology nowadays.
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