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6

ABSTRACT7
8

This work investigates the speciation of phosphorus in four selected streams within
Abakaliki, Nigeria using phytase hydrolysis of phytic acid as an indicator. Phytic acid
is an important organophosphorus compound that can be hydrolysed by phytases
occurring in soil and water. It is the main form in which phosphorus is stored in seeds
hence its availability in natural environment like water and soil. Different species of
phosphorus exist in nature as a result of the interconversion, hydrolysis and
oxidation occurring between organic phosphate molecules. Investigation of these
species of phosphorus (PHP, FRP, TDP and DOP) is crucial to the understanding of
the biogeochemical processes prevalent in any aquatic ecosystem. Water samples
were collected from four streams (Presco campus, Ama, Udele and Iyi-okwu streams)
in Abakaliki, Nigeria within a period of 5 days in October, 2012. The samples were
digested with 0.04M peroxydisulphate and 0.01M H2SO4 at 1210C for 45 minutes in an
autoclave. After digestion, the presence of PHP, FRP, TDP and DOP were investigated
in the water samples using a spectrophotometer at wavelength of 820 nm. Results
obtained showed varying concentrations of PHP, FRP, TDP and DOP ranging from
±0.0093-0.069 mgL-1P, 0.205-0.233 mgL-1P, 0.297-0.520 mgL-1P and 0.081-0.127 mgL-1P
respectively. Recovery studies using Adenosine-triphosphate (ATP) and the calcium
salt of phytic acid (PTA) as model organic phosphorus compounds gave quantitative
recoveries ranging from 92-96%. One-way ANOVA showed that sampling location
significantly influenced the mean concentration of TDP, FRP and DOP in the affected
streams. This technique was effective in digesting both the model compounds and
the real water samples. Also, the soluble phytase was effective in hydrolyzing phytic
acid and phytase hydrolysable phosphorus (PHP) present in the water samples.
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1. INTRODUCTION14
15

Natural waters make up less than 0.01% of the earth’s total water resources covering16

approximately 3% of the earth’s total land mass (Revenga and Kura, 2003). Frequent17

changes in the spatial and temporal distribution of this relatively small percentage of natural18

water, coupled with the large geomorphologic variability, has resulted in a variety of water19

bodies ranging from ephemeral pools to large lakes and mighty rivers.  A significantly large20



proportion of the Earth’s biodiversity representing nearly all kinds of organisms ranging from21

microorganisms to mammals inhabit inland waters (Revenga and Kura, 2003).22

Phosphorus is found in natural waters in the form of dissolved inorganic phosphorus,23

orthophosphate or soluble reactive phosphorus; collectively called total dissolved24

phosphorus (Meybeck, 1982). Phosphorus is also present in water as dissolved organic25

phosphorus and particulate organic phosphorus, collectively known as total organic26

phosphorus. A combination of total dissolved phosphorus and total organic phosphorus is27

known as total phosphorus (Meybeck, 1982).28

In water bodies, phosphorus is present in several soluble and particulate forms such as29

organically bound phosphorus, inorganic phosphates and inorganic orthophosphates (Lind,30

1979). In addition, it is also a biologically active element which cycles through many states in31

the aquatic ecosystem and its concentration in any given state depends on the degree of32

metabolic synthesis or decomposition occurring in the aquatic system (Adeniji, 1983).33

Furthermore, phosphorus is also the element most likely to cause a stimulation of plant34

production, often leading to excessive production and thus, its level in water is often35

measured as a means of monitoring eutrophication and its associated problems (Cole,36

1983).37

Phosphorus is an essential nutrient required by plants and animals for growth and38

development. In the aquatic environment, several species of phosphorus are available, but39

the activity prevalent in the area could have an overall influence on the concentrations of the40

various species. The determination of phosphorus species in the environment provides41

essential data for checking the health of ecosystems, investigating biogeochemical42

processes and monitoring compliance with legislation (Mckelvie, 2005). Phosphorus export43

from both point and nonpoint sources of pollution can bring about increased primary44

production and eutrophication resulting in seasonal development of toxic algal blooms which45

can have a major impact on the global water quality (Adeyemo et al., 2008; Mckelvie, 2007;46

Mckelvie, 2005).Organic phosphorus compounds take part in terrestrial and aquatic47



biological phosphorus cycles and are distributed in nature. Elemental phosphorus is primarily48

stored in the form of phytic acid in many plant tissues especially bran and seeds (Bilyeu et49

al., 2008).50

There are four operationally defined phosphorus fractions commonly used to predict algal51

biomass and growth rate. These phosphorus fractions commonly measured in natural waters52

are total phosphorus (TP), total reactive phosphorus (TRP), filterable reactive phosphorus53

(FRP) and total dissolved phosphorus (TDP) (Lambert et al., 1992).54

According to Lambert et al. in 1992, many studies have been done in the past on procedures55

for the preservation of water samples for the analysis of filterable or soluble phosphorus.56

These procedures can be summarized into two groups i.e. those advocating the use of57

bactericides (e.g. klingaman and Nelson, 1976) or those advocating the use of freezing58

method (e.g. Nelson and Romkens, 1972). However, there is paucity of research on short59

term changes that can occur in the field before samples are preserved (Pichet et al., 1979;60

Boyd and Tucker, 1980). There also seems to be a dearth of research data on the changes61

that can occur in other commonly measured phosphorus fractions (Lambert et al., 1992;62

Jenkins, 1968; Nelson and Romkens, 1972).63

Concentration of phosphorus in natural waters fluctuates with changes in physicochemical64

conditions and biological activities. Phosphorus species are found in dissolved, colloidal and65

particulate fractions as inorganic and organic compounds and in biotic and abiotic particles66

(Clesceri et al., 1989). Accurate determination of dissolved organic phosphorus (DOP) is of67

importance for the study of phosphorus cycling, algal assimilation and terrestrial fluxes68

towards the sea. These measurements are based on the conversion of complex forms of69

phosphates by hydrolysis and oxidation of molecules containing P-O-P, C-O-P and C-P70

bonds (Mckelvie, 2005; Clesceri et al., 1989; Aminot and Kerousel, 2001).71

Dissolved organic phosphorus constitutes a significant portion of the bio-available72

phosphorus (BAP). It is the difference between total dissolved phosphorus (TDP) and73

filterable reactive phosphorus (FRP), i.e.74



DOP = TDP – FRP                                                                                   Eq. (1)75

Bio-available phosphorus is the sum of immediate available phosphorus and phosphorus76

that can be transformed into available forms by naturally occurring processes such as:77

physical, chemical and biological processes. This fraction of the total phosphorus is78

important for understanding the biogeochemical processes prevalent in any aquatic79

ecosystem (Mckelvie, 2005; Clesceri et al., 1988; Aminot and Kerousel, 2001; Worsfold et80

al., 2005; Hosmi and Sudo, 1986).81

Phytic acid also known as myo-inositol hexakis dihydrogen phosphate is a naturally82

occurring non-toxic phosphoric ester that is found in cereals, pollens, legumes, seeds and83

plants as well as aquatic environment (Bilyeu et al., 2008). Phytic acid or phytate is also the84

storage form of phosphorus in all grains and oil seeds averaging 60-90% (Cosgrove, 1980;85

Jacela et al., 2010). Phytate is commonly known as a substance known to decrease mineral86

adsorption; however, it has also been looked at as a possible beneficial vitamin-like87

substance (Okazaki and Katayama, 2005). Phytic acid is considered an anti-nutritional factor88

since it chelates magnesium, zinc, calcium and also reacts with proteins, thus, decreasing89

their bioavailability and important mineral nutrients (Omaka, 2006). In natural waters, it is90

hydrolyzed by phytases to the less phosphorylated forms namely inositol polyphosphates91

and orthophosphoric acid (Nagashima et al., 1999). There are two types of phytases which92

can be distinguished by their position or carbon of attack and these are the plant derived 3-93

phytases and animal derived 6-phytases (International Union of Biochemistry, 1984; Omaka94

et al., 2008).95

Phytase is the enzyme that degrades (catalyzes or breaks down) phytate in order to release96

its phosphorus (Jacela et al., 2010). Phytase was originally proposed as a food additive to97

reduce phytate content by releasing orthophosphate (Konietzny et al., 2002).98

This work investigates the different species of phosphorus found in four selected streams99

within Abakaliki metropolis, Nigeria. The amount of total available phosphorus in each100



stream was estimated by the hydroxylation ability of the phytase enzyme on phytic acid101

content of each water sample.102

2. METHODOLOGY103

2.1 REAGENTS104

Anhydrous Sodium acetate, Acetic acid, Adenosine-51-triphosphate (ATP) disodium salt,105

Sulphuric acid, L-Ascorbic acid, Antimony potassium tartrate (BDH Chemicals Ltd, UK)106

Phytic acid-calcium salt (PTA-Ca), Potassium phosphate dibasic trihydrate, potassium107

peroxodisulphate (Sigma Aldrich Chemical Company, USA)108

Ammonium molybdate (Merck Chemicals, Germany)109

EDTA-disodium salt (Thomas Baker Chemicals, Pvt Ltd., India)110

All reagents were of analytical grade and were prepared using deionised water. Except111

otherwise stated, all reagents were stored at 4oC and brought out from storage at least one112

hour before use.113

2.2 APPARATUS114

UV-Visible grating spectrophotometer (HANNA, Model 8610) equipped with 4 ml quartz115

cuvette, pipettes of different volume capacities (1ml, 2ml and 5ml), refrigerated centrifuge116

and Asatel autoclave digester.117

2.3 SAMPLING AND PRETREATMENT118

Water samples were collected from four different locations within Abakaliki metropolis. Two119

litres of water were collected 300cm below the surface of each stream using a grab sampler.120

The water samples were stored at 4OC in precleaned glass bottles. All glass wares, high121

density polyethylene (HPDE) bottles and containers used were first cleaned with a122

phosphate free detergent, rinsed three times with deionised water and soaked in 10% (v/v)123

HCl overnight (12 hours) and finally rinsed three times with deionized water. The dried124

containers were stored in air tight clean polyethylene bags to prevent contamination by dust125

(Omaka, 2006; Worsfold et al., 2005; Gardolinski et al., 2001). Location 1 is the stream at126

Presco Campus which is one of the 3 campuses of Ebonyi State University, Abakaliki.127



Location 2 is Ama stream situated beneath the bridge along Afikpo Road. Location 3 is the128

Iyi-udele stream situated along Nna Street while location 4 is the Iyi-okwu stream at Hope129

high school along Onwe Road. A map of Abakaliki showing the different sampling locations130

is given in Figure 1.131

The water samples after collection were filtered in-situ using 0.4µm filter paper (cellulose132

acetate type) and brought in water coolers containing ice blocks to the laboratory where they133

were stored at 40C until the time for analysis. Important physico-chemical parameters that134

will aid in the interpretation of results like DO (dissolved oxygen) and TDS (total dissolved135

solid) were measured in-situ using probes (Worsfold et al., 2005; Gardolinski et al., 2001).136

137
FIG.1: MAP OF ABAKALIKI SHOWING THE STUDY AREAS138



2.4 DIGESTION OF THE WATER SAMPLES139

About 10ml of each water sample was digested by adding 15ml of 0.004M peroxodisulphate140

spiked with 0.01M H2SO4. Final volume of the container was 50ml (reagents plus the filtered141

water). As a control, two samples, one with 0.10 mg PTA as P containing 0.08 mgL-1 P and142

the other with 0.10 mg ATP as P containing 0.10 mgL-1 P were each used for spiking the143

samples to be digested. Digestion reagents were also added and made up to the 50ml mark144

of the digestion bottle. All the samples were digested in the autoclave at 121OC for 45145

minutes (Worsfold et al., 2005). After digestion, all the samples were cooled at room146

temperature and pH adjusted to 7.0 -7.5.147

2.5 MEASUREMENT OF THE PHOSPHORUS FRACTIONS148

TDP and FRP fractions were analyzed on 20ml of each sample, filtered through a 0.45 µm149

membrane filter (Millipore, HA) after digestion. DOP fraction was gotten as the difference150

between TDP and FRP fractions (see Equation 1). About 3 replicates of each phosphorus151

fraction were determined. The digestion reagent used was prepared by using 0.004M152

peroxodisulphate spiked with0.01M H2SO4. Final volume of the container was 50ml.153

2.6 SPECTROPHOTOMETRIC DETERMINATION OF PHOSPHORUS AS ORTHOPHOSPHATE154

To determine phosphorus as orthophosphate, a clean test tube containing 12.4ml of the155

water sample was gotten and antimony tartrate was added as a catalyst. Then, acidified156

phosphomolybdate was added and it was subsequently catalyzed by the antimony tartrate.157

Furthermore, 1.8ml molybdate reagent and 0.8ml ascorbic acid containing 0.0001M EDTA158

were also added to the test tube (Omaka, 2006; Murphy and Riley, 1962). The test tube was159

allowed to stand for 30 seconds after which it was subjected to spectrophotometric analysis160

in order to determine the amount of orthophosphate present in the water sample. Before161

use, the spectrophotometer was allowed to attenuate for 30 minutes and deionised water162

used to run the blank. Similar procedure was employed for the determination of FRP, TDP,163

and PHP.164

165



3. RESULTS AND DISCUSSION166
167

Selected physico-chemical parameters of water samples collected from different streams168

within Abakaliki metropolis are shown in table 1. The results of the physic-chemical169

parameters were presented as Mean ± Standard deviation to represent triplicate170

measurements.171

The Dissolved Oxygen (DO) values recorded in this study ranged from 7.6-10.9 in streams 1172

and 3 respectively whereas the Total dissolved solids (TDS) of the 4 streams investigated173

ranged from 27-68mg/L in streams 4 and 3 respectively.174

Streams 1 and 3 recorded relatively higher phosphate levels (evidenced by their high TDP175

and FRP values of 0.360±0.65 mgL-1P; 0.233.±0.84 mgL-1P and 0.520±1.25 mgL-1P;176

0.2233±0.79 mgL-1P respectively) than streams 2 and 4 (TDP and FRP values of 0.305±1.33 mgL-1P;177

0.223±1.52 mgL-1P and 0.297±2.05 mgL-1P; 0.205±1.05 mgL-1P respectively). This trend can be178

attributed to the greater amount of wastes emanating from the residential homes, retail179

shops, restaurants and car wash services located within reasonable distance to streams 1180

and 3 as opposed to streams 2 and 4.181

In addition, Table 1 also show that the phosphate concentration in this study (TDP fraction)182

ranged from its lowest value (0.297mg/L) in stream 4 to its highest value (0.520mg/L) in183

stream 3. This trend was relatively higher than the mean range of phosphates (0.03-184

0.05mg/L) in different stream tributaries of Ebonyi River (Ude et al. 2011). The range of185

phosphate (as TDP) concentration recorded in this study (0.297-0.520mg/L) was however186

lower than that of the mean phosphate level (0.460-0.520mg/L) of streams and spring waters187

of Ebonyi South Senatorial Zone of Ebonyi State (Afiukwa and Eboatu, 2013).188

Factors such as changes in pH and temperature, varying rate of evaporation, degree of189

domestic activities (bathing, cloth washing, dish washing etc.) involving use of phosphate190

soaps and detergents, runoffs from agricultural lands where orthophosphates have been191

applied as fertilizers, organic wastes from plant and animal wastes and food residue may192



have contributed to the differences noticed in the phosphate concentrations among the 4193

streams investigated (Edward and Ugwumba, 2010; Dike et al., 2010).194

The United States Environmental Protection Agency (EPA) recommends that total195

phosphates concentration (as phosphorus) should not exceed 0.1mg/L in streams not196

discharging directly into reservoirs and also not to exceed 0.05mg/L in streams discharging197

directly into reservoirs. To prevent algal growths, EPA also recommends that total198

phosphates as phosphorus concentrations in water should not exceed 25µg/L within a lake199

or reservoir (EPA, 1986). In view of this, we can conclude that in all 4 streams investigated in200

this study, the total phosphate concentration exceeded the permissible EPA limit of 0.1mg/L201

for streams not discharging directly into reservoirs. Furthermore, comparing the mean202

phosphate concentration in this study (0.371mg/L TDP fraction) with the maximum203

permissible limit for phosphates in natural waters (5 mg/L) set by the defunct Federal204

Environmental Protection Agency (FEPA) in Nigeria, we can conclude that it is still within the205

1991 FEPA limit for phosphates in natural water (FEPA, 1991).206

As can be seen in Table 2, recovery studies were performed using Adenosine-triphosphate207

(ATP) and the calcium salt of phytic acid (PTA) as model compounds thus, giving208

quantitative recoveries in the range of 92 – 96%.209

Table 3 shows the results obtained during the incubation of water samples (PHP fraction)210

from 4 streams within Abakaliki metropolis at 37oC for 40 minutes (batch A) and 320C for 7211

days (batch B).212

213

214

215

216

217

218



Table 1: Selected Physico-chemical Parameters (DO, TDS, TDP, FRP and DOP) of219

water samples from different streams within Abakaliki Metropolis, Nigeria220

Location DO (mg/L) TDS (mg/L) TDP (mgL-1P) FRP (mgL-1P) DOP (mgL-1P)

1 7.6 60 0.360±0.65 0.233±0.84 0.127±1.42

2 8.0 14 0.305.±1.25 0.223±0.79 0.081±0.75

3 10.9 68 0.520±1.33 0.233±1.52 0.119±1.28

4 10.1 26 0.297±2.05 0.205±1.05 0.092± 0.69

LEGEND: DO=Dissolved oxygen, TDS=Total dissolved solids, TDP=Total dissolved221

phosphorus, FRP= Filterable reactive phosphorus, DOP= Dissolved organic phosphorus222

DOP = TDP – FRP223

1=Stream at Presco Campus; 2=Ama stream at Afikpo Road; 3=Iyi-udele stream at Nna224

Street; 4=Iyi-okwu Stream at Hope High School.225

Table 2: Recovery studies using Adenosine-triphosphate (ATP) and the calcium salt226
of Phytic acid (PTA) as Model Organic Phosphorus Compounds227

228
Samples after autoclave digestion (mgL-l P) Percentage Recovery

0.1 mg ATP  as P + 0.10 92
0.1mg PTA  as P + 0.10 93

Samples after phytase incubation Percentage Recovery

0.2mg PTA as P + 0.08 (mgL-l P)
0.2mg PTA as P + 0.10 ( mgL-l P) 96
0.2mg PTA as P + 0.08 (mgL-l P) 92

229
Table 3: Incubation of water samples (PHP fraction) from 4 streams within Abakaliki230
metropolis at 37oC for 40 minutes (Batch A) and 320C for 7 days (Batch B)231

232
Location PHP (Batch A) mgL-1P PHP (Batch B) mgL-1P
1 0.00 -0.0093
2 0.044 0.077
3 0.014 0.036
4 0.047 0.069
LEGEND: PHP=Phytase hydrolysable phosphorus233

1=Stream at Presco Campus; 2=Ama stream at Afikpo Road; 3=Iyi-udele stream at Nna234

Street; 4=Iyi-okwu Stream at Hope High School.235

236



Table 4: One-way ANOVA for four selected streams within Abakaliki, Nigeria237

Sum of squares df Mean squares F Sig.

Between

groups

0.002 1 0.002 0.037 0.879

Within

groups

0.045 1 0.045

Total 0.047 2

238

In Table 3, the relatively high values of PHP in streams 2 and 4 (Ama and Iyi-okwu streams)239

is an indication that these streams are located close to shrubs and flower gardens, hence240

leading to increased eutrophication and subsequent PHP abundance in the concerned241

streams. This observation is in tandem with a similar research carried out by Nagashima et242

al. (1999). On the other hand, the negative values for PHP in stream 1 (Presco campus243

stream) implies that the availability of PHP was limited by heavy metal inhibition. Both244

batches (batch A and B) were effective during incubation but the effects of increased245

temperature and duration of exposure resulted in faster rate of hydrolysis of the available246

phosphorus by the enzyme phytase. A similar observation were made by Omaka et al.247

(2008) when they used enzymatic flow injection technique to determine phytase248

hydrolysable phosphorus (PHP) in natural waters using immobilized 3-phytase.249

The mean phosphate concentration of 0.371mg/L recorded in this study exceeded the WHO250

limit (0.1mg/L) for phosphate in drinking water (Afiukwa and Eboatu, 2013), thus, making251

water from these 4 streams being investigated to be unsafe for drinking water purposes as a252

result of their high phosphate (PO4
3-) content levels.253

In Table 4, One-way ANOVA was employed to find the significant differences between the254

levels of TDP, FRP and DOP concentrations in the selected streams being investigated. The255

significance was set at P<0.05. Statistical analysis of data was carried out using SPSS 16.0256

for Windows (SPSS Inc., Polar Engineeering and Consulting, 2007).257



The significant value of the F test in the ANOVA Table (Table 4) is 0.879, thus rejecting the258

null hypothesis that average concentrations of TDP, FRP and DOP are equal across the259

different streams studied. Thus, the results of the One-way ANOVA showed that sampling260

areas (stream location) significantly influenced the mean concentrations levels of TDP, FRP261

and DOP in the affected streams.262

263
4. CONCLUSION264

265
The technique applied was effective in digesting both the model compounds and the water266

samples from selected streams. Also the soluble phytase was effective in hydrolyzing phytic267

acid and phytase hydrolysable phosphorus (PHP) present in the water samples. Recovery268

study gave quantitative results of ranging from 92-96%. Future studies are planned in order269

to investigate the effect of seasonal variation on the concentrations of TP, TDP, and DOP in270

selected streams and rivers in Ebonyi state and to also determine the ion(s) that caused the271

inhibitory effect and thereafter apply the method for the determination of phytic acid in seeds,272

flowers and fruits. A collaborative study is also currently ongoing to isolate and characterize273

phytases prevalent within our immediate locality.274
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