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Abstract

Phosphorus (P) discharges from human activities result in eutrophication of lakes. We
investigated whether the forms of phosphorus (P) in rivers with high effluent loads flowing
through urban areas of Sapporo, Japan, were transformed when transported downstream
into a eutrophic lake, namely Lake Barato. We hypothesized that the inorganic P supplied
from the rivers might be transformed to organic forms in the lake. The results showed that
soluble reactive phosphorus (SRP) and particulate inorganic phosphorus (PIP) dominated in
the river discharge to the lake. Suspended solids in the rivers were rich in iron (Fe) so PIP
was associated with Fe. A comparison of the concentrations at the river mouth and 4.5 km
downstream showed that the concentrations of SRP and PIP were lower at 4.5 km
downstream than at the river mouth, whereas the concentrations of organic P (i.e., dissolved
organic phosphorus and particulate organic phosphorus) were similar. The results from
solution *'P nuclear magnetic resonance spectroscopy of lake water showed that
pyrophosphate was only present in the particulate fraction, while orthophosphate diesters
(DNA-P) were only present in the dissolved fraction. Riverine samples contained
orthophosphate (ortho-P) only, while lake samples contained ortho-P, orthophosphate

monoesters, and DNA-P. The results suggest that the P forms, particularly those of
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dissolved P, shifted from inorganic to organic forms as the water was discharged from the

river to the lake.

Keywords: Lake Barato, sewage effluent, solution *'P NMR, phosphorus speciation,

phosphorus fractionation.

1. Introduction

Sewage effluents discharged into rivers induce eutrophication and phytoplankton blooms in
downstream lakes, especially in highly urbanized areas (Jarvie et al., 2006). Sewage
effluents tend to be rich in phosphorus (P) (Zangarini ef al., 2020), and the P in the effluent
has an important role in the eutrophication of freshwater lakes. Eutrophication can cause
several environmental problems, such as cyanobacterial blooms, dissolved oxygen
depletion, and biodiversity loss, and may mean that the water in the lake cannot be used for
recreation and other purposes (Le Moal et al., 2019). Recent studies have shown that
cyanobacterial blooms in freshwater lakes worldwide are still induced by high amounts of P
transported by the inflowing rivers (Olokotum ef al., 2020). Hence, it is important to have

information about the bioavailability and fate of the P that is discharged into lakes from
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rivers.

The bioavailability of P depends on the P compound (Reynolds and Davies, 2001), and
particulate P (PP) and dissolved P (DP) play different roles in P cycling in eutrophic lakes
(Feng et al., 2020; Lin et al., 2016a). Many studies have examined the P compounds in PP
as they are a source of DP in the water column (Li et al., 2017; Mingus ef al., 2019; Shi et
al., 2020; Shinohara et al., 2016; Yang et al., 2020). When PP decomposes, dissolved
organic P (e.g., orthophosphate monoesters and diesters, and pyro/polyphosphate) is
released to the water column through phosphomonoesterase/diesterase activities (Parsons et
al., 2017). Dissolved inorganic P (e.g., PO4>") is adsorbed onto mineral particles as PP (e.g.,
Fe oxyhydroxides) (Cosmidis ef al., 2014), and is desorbed when the pH increases (Jin et
al., 2006), or the oxidation-reduction potential is below a certain threshold (Yuan ef al.,
2020). Researchers have analyzed and identified the P species in particulate matter using
chemical speciation techniques (Chomicki et al., 2016; Shinohara et al., 2016; Xie et al.,

2019; Yang et al., 2020; Zhang et al., 2017).

An abundance of information about the speciation of PP is available, but there is a lack of
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corresponding information about DP (Bai ef al., 2015 and 2017; Feng et al., 2020; Read et
al., 2014; Reitzel et al., 2009). Bai et al. (2015) reported that the P compounds and their
proportions in DP were different from those in PP. This result is significant in that it
provides evidence that DP in the lake water includes more than the decomposed products of
PP. The DP species may be affected by a variety of factors, such as the P sources, primary
and secondary bacterial production, and the water residence time. The concentrations of
PO4>~ and poly/pyrophosphate may be high in the water of rivers and lakes that are strongly
influenced by sewage effluents (Altundogan and Tumen, 2002; Kulakovskaya et al., 2021).
However, even though this is a topic of much importance, only limited information is
available about the speciation of DP in the water of rivers that transport large amounts of

sewage effluent and the lakes into which they flow.

In this study, we investigated the P composition in the water of a lake that received
discharges from sewage-influenced rivers. For our study site, we chose Lake Barato, a
small eutrophic lake located in the suburbs of Sapporo, one of the largest cities in Japan.
Sewage effluents account for approximately 46% of the total inflow and 65% of the total P

load to the lake and, at approximately 2 weeks, the residence time of water in the lake is
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short (The Hokkaido Regional Development Bureau). We first investigated how a range of
P forms (soluble reactive P [SRP], dissolved organic P [DOP], dissolved acid hydrolysable
P [DAHP], particulate inorganic P [PIP], and particulate organic P [POP]) varied between
the inflowing rivers and Lake Barato. We then analyzed DP and PP species using solution
31P nuclear magnetic resonance (NMR) spectroscopy. Before this analysis, we recovered
the DP and PP species almost completely by flocculation or extraction. We tested the
hypothesis that the inorganic P derived from sewage wastewater treatment plants would be

transformed to organic forms in the small eutrophic lake.

2. Materials and methods

2.1. Study site and sampling

The study was carried out in Lake Barato, located in the suburban areas of Sapporo and
Ishikari, Hokkaido, Japan (Figure 1). Lake Barato is an oxbow lake that was isolated from
the Ishikari River when flood protection measures were implemented on the river in 1931.
The lake has a total area, average depth, and total length of 4.67 km?, 2.8 m, and 20.2 km,
respectively. Three rivers, namely the Fushiko, Sousei, and Hassamu, flow into the lake.

Treated sewage effluent accounts for 47%, 69%, and 19% of the flows of the Fushiko,
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Sousei, and Hassamu, respectively (The Hokkaido Regional Development Bureau). Three

of the sampling points were in the lake and followed the flow direction (Stations 1, 2, and

3). Stations 4, 5, and 6 were on the Fushiko, Sousei, and Hassamu Rivers, respectively. The

Sousei and Hassamu rivers flowed into the Fushiko, which then flowed into the lake.

Station 1 was in upper region of the lake, and so the water quality at Station 1 was not

affected by the river discharge. In contrast, the water quality at Station 2 was affected by

the rivers because it was at the mouth of the Fushiko. Station 3 was in the lake,

approximately 4.5 km downstream from the Fushiko’s mouth.

From April 2020 to November 2020, we collected water samples and information about

other water quality parameters at the six sampling points (Figure 1). We collected the

surface water samples using well-washed polypropylene containers (3 L). The bottles were

stored on ice and transported to the laboratory as soon as possible. The pH, electrical

conductivity, concentrations of dissolved oxygen, and water temperature of the samples

were measured in situ. In the laboratory, we determined the concentrations of five P forms

(SRP, DOP, DAHP, PIP, and POP) and other water quality parameters. Detailed information

about the water quality of the lake is provided in the supplementary material.
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2.2. Determination of phosphorus forms

Ultrapure water (18.2 MQcm) was used to prepare all the aqueous solutions. The samples
were filtered through glass fiber filters with a nominal pore size of 0.7 pm (Whatman™
GF/F, GE Healthcare Life Sciences, Buckinghamshire, England), to separate the particulate
matter from the water samples. The filters had been pre-combusted at 550 °C for 2 h. The

filters and filtrates were stored (for up to a day) until analysis.

We determined the concentrations of POP and PIP using a previously reported method
(Shinohara ef al., 2016). Prior to determining the PP concentrations, the filters and the
particulate materials (i.e., suspended solids [SS]) were dried overnight at 105 °C. The dried
filters were combusted at 550 °C for 2 h and then each filter was soaked in 1 M HCI (5 mL)
for 24 h at room temperature with a mechanical shaker to extract the P. The extract was
filtered through a 0.45-pm pore size membrane (DISMIC® 28HP045AN; Toyo Roshi
Kaisya, Ltd., Tokyo, Japan), and the filtrate was diluted by more than 10 times (Suzumura,
2008). The P concentrations in the filtrate were determined by the molybdenum blue

method (Murphy and Riley, 1962). The PIP concentrations were determined using the same



136 procedure, but without combusting at 550 °C. The POP concentrations were calculated as
137 the difference between the PP and PIP concentrations.

138

139  The SRP concentrations in the filtered water samples were directly determined by the

140  molybdenum blue method. The filtered water samples were digested with potassium

141 peroxodisulfate or strong acid solution before measuring DP or total inorganic P (SRP +
142 DAHP), respectively (APHA, 2012). The P concentrations of the digested samples were
143 determined by the molybdenum blue method. The DOP concentrations were calculated by
144  subtracting the DP and total inorganic P concentrations. The DAHP concentrations were
145  calculated by subtracting the total inorganic P and SRP concentrations (APHA, 2012).
146

147 2.3. Solution 3' P NMR spectroscopy of particulate and dissolved phosphorus

148 We collected lake and river water samples for solution 3'P NMR spectroscopy in August
149  because the biomass can be expected to be high in the summer season. We prepared

150  samples for *'P NMR spectroscopy following a modified version of the procedures

151  previously reported (Shinohara ef al., 2016; Bai et al., 2015; Reitzel et al., 2009). We

152 obtained the PP needed for the analysis by filtering a portion (~10 L) of each water sample
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through a GF/F glass fiber filter. The filters and the residue were lyophilized for several

days in a freeze dryer. The dried filters were then soaked in a mixed solution (100 mL, 0.25

M NaOH + 0.05 M ethylenediaminetetraacetic acid [EDTA]), and the P compounds were

extracted for 4 h at 20 °C on a shaker. The extracts were filtered through GF/F glass fiber

filters, and the resulting filtrates were lyophilized for several days. The powder produced

was stored in a freezer (—20 °C) until analysis. The recovery of PP was calculated from the

mass of PP in the water sample and the TP in the extract.

To prepare the DP samples for the NMR analysis, the DP in the water samples was

flocculated using polyaluminum chloride (PACI; Taki Chemical Co., Ltd., Kakogawa,

Japan). The dosage of PACI was determined from the DP concentrations in the water

sample when the molar ratio of AI/P was 10/1. The PACI solution (0.24 mol-Al/L) was

added to the filtered water sample (10 L), and the mixture was mechanically agitated for 3

min at 150 rpm and then for an additional 10 min at 50 rpm. The pH was adjusted to

between 6.5 and 7.0. The generated flocs were centrifuged at 15,000 rpm using a high-

speed refrigerated centrifuge with a continuous flow rotor. The obtained flocs were re-

dissolved in a mixed solution (40 mL, 0.25 M NaOH + 0.05 M EDTA) for 18 h at 20 °C by
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shaking. The solution was then lyophilized for several days. The powder obtained was
stored in a freezer (—20 °C) until NMR analysis. The recovery of DP was calculated by

subtracting the mass of DP in the water sample before and after flocculation.

The spectra of the solution >'P NMR were recorded on an NMR spectrometer (JNM-ECA
500, JEOL Ltd., Tokyo, Japan) at room temperature. Chemical shifts are reported in ppm
relative to the external standard, D3POa4 (0.0 ppm), and orthophosphate was adjusted to 0
ppm (Liu et al., 2015). The specific ranges of the P compounds were classified as
orthophosphate (6.0 ppm), orthophosphate monoesters (3.7-5.2 ppm), DNA-derived
orthophosphate diesters (—1.7 to —0.7 ppm), pyrophosphate (—4.3 to —3.5 ppm), and

polyphosphate (—20 ppm) (Shinohara ef al., 2012 and 2016).

2.4. Statistical analysis

We used the Pearson product moment correlation to identify significant correlations
between the metals and PIP in the SS. A paired t-test was applied to compare the
concentrations of each P form. One-way analysis of variance (ANOVA) was used to

compare the ratio of the P forms in the lake and rivers. P values less than 0.05 were
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regarded as significant. We used Origin Pro 9.8 software for the analysis.

3. Results

3.1. Phosphorus forms in the inflowing rivers

The total P load from the Sousei River (Station 5) was the highest, and its load was between

3 and 13 times greater than the loads from the other 2 rivers (see Figure S1). The high P

loading from the Sousei (Station 5) was the result of the high P concentrations rather than

the river flow rate (Figure 2). There is a municipal wastewater treatment plant relatively

close to Station 5 (4.5 km upstream), and a study reported that treated wastewater

accounted for 65% of the flow volume in the Sousei river (The Hokkaido Regional

Development Bureau). In addition, from a survey at the sewage effluent discharge outlet of

the wastewater treatment plant in October 2020, we confirmed that the SRP concentration

in the Sousei river increased from 0.006 mg-P/L to 0.53 mg-P/L after the effluent inflow.

The SRP form of P dominated at Station 5, and the P loading to the lake from this site

mainly reflected the high SRP concentrations. The P loads in the Fushiko (Station 4) and

Hassamu (Station 6) Rivers were dominated by PIP.
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We found that the PIP and Fe contents in SS at Stations 4 and 6 were strongly and

positively correlated (r = 0.77, p < 0.01) (Figure S2). The PIP contents were also positively

correlated with the Mn contents (r = 0.61, p < 0.05). The concentrations of the other

elements (i.e., Al, Ca, Mg, and S) were not correlated with PIP. Interestingly, as shown in

Figure S2, the data for Station 5 were often outside of the ranges for the other stations.

3.2. Phosphorus forms in the lake

The phosphorus, chlorophyll-a, and nitrogen concentrations (Figure S3—S5) indicate that

Lake Barato is eutrophic. The TP concentrations in Lake Barato were high (0.08—0.26 mg

P/L) (Figure 2). The TP concentrations at the river mouth (Station 2) were higher than those

at the upstream station (Station 1), where the effects of the inflowing river were minimal (|t|

=10.3, p <0.01). The TP concentrations at the river mouth (Station 2) were also

significantly higher than at Station 3 (|t| = 6.8, p <0.01). Of the P forms, the SRP and PIP

concentrations were higher at the river mouth (Station 2) than at the upstream station

(Station 1; SRP: |t| =4.5, p <0.01; PIP: |t| = 4.9, p < 0.01) and were lower further

downstream (Station 3) than at the river mouth (Station 2; SRP: [t| = 3.5, p < 0.05; PIP: |t| =

3.0, p <0.05). The SRP and PIP concentrations varied considerably between the sampling
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stations, but there were no significant changes in the concentrations of DAHP, DOP, and

POP.

The contributions of each P form to TP were different among the sampling sites (Figure 3

and Table S1). The SRP/TP ratio was significantly higher at Station 5 than at the lake

stations (p < 0.01). The PIP/TP ratios were higher at Stations 4 and 6 than in the lake. Apart

from Stations 6 and 2, the POP/TP ratios were higher in the lake than in the rivers (p <

0.01).

3.3. Determining the P compound classes in PP and DP by Solution 3 P NMR spectroscopy

We detected orthophosphate (ortho-P), orthophosphate monoesters (monoester-P),

orthophosphate diesters (DNA-P), and pyrophosphate (pyro-P) in the samples (Figure 4).

The recoveries of DP and PP were high (~90%) compared with previous studies (Bai et al.,

2015 and 2017; Read et al., 2014; Reitzel et al., 2009) (Table 1 and 2). We found large

differences in the P compound classes associated with the PP and DP fractions. Pyro-P was

only detected in the PP samples, and DNA-P was only detected in the DP samples in the

lake. The P compounds also differed between the inflow rivers and the lake. The spectra
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show that the DP in the discharge from the rivers only contained ortho-P, whereas the lake

contained ortho-P, monoester-P, and DNA-P. Monoester-P and pyro-P, both PP compounds,

were present in the river samples, but represented less than 20 % of the TP concentrations

in the NaOH-EDTA extract (PNaOH-EDTA).

At Station 1 on the lake, both PP and DP contained organic P (i.e., monoester-P and/or

DNA-P), which accounted for 62 % of Pnaon-EDTA. In contrast, at the river mouth station

(Station 2), ortho-P was the dominant P compound of both PP and DP, and accounted for

70 % of Pnaon-epTA. The P compound classes at Station 3, 4.5 km downstream from the

river inflows were similar in DP, with variation only in ortho-P. At Station 3, the sum of

monoester-P and DNA-P accounted for 44 % of Pnaon-EDTA. Also at Station 3, monoester-P

accounted for a higher proportion of PP than ortho-P, and accounted for 44 % of PNaoH-EDTA.

4. Discussion

4.1. Interactions between the inflowing rivers and the downstream lake

It is interesting to note the increase in the organic P compound classes (i.e., monoester-P

and DNA-P) between the river inflow and the downstream lake (Table 1 and 2). The high
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ortho-P concentrations in DP in the river water suggest that the sewage effluent was a major

source of inorganic P to the lake. Both PP and DP included a high proportion of ortho-P at

the river mouth, but once the river water was discharged into the lake, both forms quickly

became enriched in organic P, as shown by the increase in organic P over the 4.5 km

distance between Stations 2 to 3 and the short water residence time (~14 days). This may be

caused by several physical, chemical, and biological processes downstream from the inflow

to the lake, such as sedimentation of PIP, SRP adsorption/desorption, assimilation of SRP

by plankton, and SRP recycling by plankton (Chomicki et al., 2016; Han et al., 2018; Lin et

al., 2016b; Yang et al., 2020). Although the concentrations of TP, SRP, and PIP decreased

from Station 2 to Station 3, the concentrations of DOP and POP did not change (Figure 2).

These results suggest dilution, transformation of SRP to POP by phytoplankton, and PIP

sedimentation. Furthermore, the DP fraction in the river discharge was dominated by ortho-

P but monoester-P and DNA-P were present in the downstream lake (Figure 4), which

indicates transformations between the P forms. The transformations may include

assimilation of DP into living organisms to generate monoester-P and DNA-P. Similarly,

organic P molecules are continually synthesized and released through grazing and viral

lysis in lake water (Harke et al., 2016). In Lake Barato, changes in the pH with the trophic
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status and the high phytoplankton productivity might cause desorption of PO4*~ from
particulate matter to the water, which then further promotes phytoplankton production
(Koski-Vahala and Hartikainen, 2001). Further investigations, such as adsorption and
desorption experiments (Wang et al., 2018) and trapping of particulate sediment in traps
(Urban et al., 2004), are needed to identify the processes that control the shift from

inorganic to organic forms.

4.2. Different compositions between dissolved and particulate P

It is also interesting to note the difference between the compositions of the P compounds in
PP and DP in Lake Barato. Pyro-P was present in PP, whereas DNA-P was present in DP in
the lake. To the best of our knowledge, this study represents the first time that clear
differences have been identified between the P compound classes in DP and PP. Many
studies have confirmed the presence of DNA-P in particulate matter (e.g., surface
sediments) and that it is responsible for releasing P to the water column (Ahlgren et al.,
2005; Reitzel et al., 2012). Reitzel et al. (2012) reported that the DNA-P concentrations
increased when seston was decomposed. The lack of detectable DNA-P in the PP fraction in

this study may reflect low amount of biomass decomposed in August, when this study was
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carried out. We analyzed DP in detail and detected DNA-P in DP in the lake water, but not
in the river water (Table 1). We suspect that bacteria may take up PO4>~ and transform it to
DNA-P, as nucleotides in DNA and RNA are the major P compound class in their cells
(Turner et al., 2005). While DNA does not degrade readily, RNA is easily degraded and
RNA-P-derived mononucleotides have been detected in the monoester-P region in *'P NMR
spectra (Ahlgren et al., 2005; Shinohara et al., 2013; Yang et al., 2020). Alternatively,
DNA-P in DP may be introduced through P release from sediment, as demonstrated by
Dell’ Anno and Danovaro (2005), who reported that P was released from sediment to the
water column when DNA-P degraded. Similarly, Ahlgren et al. (2005) also showed that
DNA-P in sediment degraded at a faster rate than in the other P forms. Numerous
researchers have reported the degradation of DNA-P in sediment (Ahlgren et al., 2005;
Ozkundakci et al., 2014; Reitzel et al., 2007), so the DNA-P in Lake Barato’s water may
have come from the sediments. In addition, DNA-P in the DP fraction could be viruses
and/or small bacteria passed through the GF/F filters. We did not determine the exact
process, but the fact that DNA-P was not detected in the river water and particles but was

present in the lake water implies that DNA-P may have been produced in the lake.
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4.3. Environmental implications and limitations

From the Fushiko and the Hassamu Rivers, P was discharged with metal oxyhydroxides.
The significant strong correlations between PIP and Fe and Mn concentrations may have
resulted from interactions between PO4>~ and Fe and Mn oxides and hydroxides (Jin et al.,
2006; Lin et al., 2018; Withers and Jarvie, 2008). The study area is a Fe-rich peatland
(Yanai et al., 2012), and the Fe concentrations were higher than the Al and Mn
concentrations (see Table S10 and S11). The P forms in the rivers may have been
determined by the geological characteristics (Shinohara et al., 2018). The characteristics of
the Sousei River were different from those of the other two rivers. The Fe and PIP data for
the Sousei (Station 5) were not correlated (Figure S2). We assume that the difference may
reflect the fact that the Sousei (Station 5) has an artificial channel, constructed by concrete.
The SS concentration at Station 5 was lower than those at Station 4 and 6 (Table S8). The
lack of mineral particles, such as Fe, Al, and Ca, that absorb PO4>~ may help explain the
high concentration of SRP in the Sousei River. Our study has a management perspective.
Lake Barato was previously diluted and flushed by water from a large river nearby, to
improve the water quality (Shinohara et al., 2008). Dilution and flushing could help to

reduce the cyanobacterial blooms (Paerl and Paul, 2012), but the rapid transformation from
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PO4>~ to organic P in DP suggests that PO4* may be available for bacteria in the lake.

5. Conclusion

In summary, sewage effluents are the ongoing cause of eutrophication of Lake Barato. We
investigated the P forms at different places to determine whether sewage effluent affected
the lake downstream of the inflows. We found that inorganic P dominated in the river, but
there was a shift in the P compound classes to organic P (monoester-P and DNA-P) in the
lake, particularly the dissolved P forms. We also found that there was variation in the P
compounds in PP and DP downstream in the lake; pyrophosphate was detected in PP, but
not DNA-P, but the opposite was true for DP. The source of the DNA-P found in the DP in
the lake is unclear, but it may be related to bacterial P uptake and release from sediment.
The differences in the P forms and compounds in the inflowing river and the downstream
lake suggest that sewage effluents supply a large amount of SRP and PIP, but organic P, in

particular DNA-P, is rapidly produced in the lake, especially in DP.

Supplementary material

Supplementary materials are available.
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Figure 1 Location of the sampling sites in Lake Barato (Stations 1, 2, and 3) and inflowing

rivers (Stations 4, 5, and 6).
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Figure 2 Concentrations of (a) TP, (b) SRP, (¢) DAHP, (d) DOP, (e) PIP, and (f) POP in the
lake (Stations 1, 2, and 3) and in the rivers (Stations 4, 5, and 6). Arrows indicate
significant increases or decreases in the P concentrations. Within each box, the boxes
extend from the 25% to the 75™ percentile of each group's distribution of values; the vertical
extending lines denote adjacent values (i.e., the most extreme values within 1.5 of the

interquartile range [IQR] of the 25" and 75" percentiles of each group); the horizontal



507  black lines denote the median values; square dots denote the mean values, and circle dots

508  denote observations outside the range of the adjacent values.
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Figure 3 Contributions of (a) SRP, (b) DAHP, (c) DOP, (d) PIP, and (e) POP to TP in the

lake (Stations 1, 2, and 3) and in the rivers (Stations 4, 5, and 6). Within each box, the

boxes extend from the 25th to the 75th percentile of each group's distribution of values; the

vertical extending lines denote adjacent values (i.e., the most extreme values within 1.5 of

the interquartile range [IQR] of the 25th and 75th percentiles of each group); the horizontal

black lines denote the median values; square dots denote the mean values, circle dots
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520  Figure 4 Solution *'P NMR spectra of (a) PP and (b) DP at Stations 1-6 in August.
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Table 1 DP recoveries, TP concentrations in the NaOH-EDTA extract (Pnaon-EpTA), and the P concentration of each P compound

in the extract determined by solution *'P NMR.

Stat DP recovery PNnaon-epTA  Ortho-P Monoester-P DNA-P Pyro-P Poly-P Residual-P
tation

(%) (ng-P/L) (ng-P/L)  (ng-P/L) (ng-P/L)  (ug-P/L)  (ug-P/L)  (pg-P/L)
Station 1 88 29 7 10 11 ND ND 4
Station2 93 52 47 2 3 ND ND 4
Station3 90 36 20 10 6 ND ND 4
Station4 94 63 63 ND ND ND ND 4
Station 5 98 562 562 ND ND ND ND 10
Station 6 94 53 53 ND ND ND ND 4
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Table 2 PP recoveries, TP concentrations in the NaOH-EDTA extract (Pnaon-EpTA), and the P concentrations of each P compound

in the extract determined by solution *'P NMR.

Stat PP recovery PNaoH-EDTA Ortho-P Monoester-P DNA-P Pyro-P Poly-P Residual-P
tation

(%) (ng-P/L) (ng-P/L)  (ng-P/L) (ng-P/L)  (ug-PL)  (png-PL)  (ng-P/L)
Station 1 82 88 26 51 ND 11 ND 19
Station2 75 128 79 29 ND 20 ND 44
Station3 88 108 44 48 ND 17 ND 14
Station4 98 170 157 9 ND 4 ND 4
Station 5 118 97 91 4 ND 2 ND -
Station6 105 183 147 22 ND 14 ND -




