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Abstract – Although the data on phosphate obtained in surveys are used to assess the distribution of river
biota, the approach is ﬂawed when the organisms use P fractions not included in routine analysis. This is
especially important where aquatic phototrophs are partially or largely dependent on aqueous organic phosphate. This paper reports a study where the data are suﬃcient to assess the quantitative importance of organic
phosphate in rivers in eastern UK. Filterable hydrolyzable phosphate-P (FHP) is used as a surrogate for
organic phosphate, although FHP sometimes includes other P forms. Eighteen sites were sampled weekly for
at least one, but mostly three years (2033 samples). The data are compared for mid- and lower-reach sites.
FHP formed at least 20% TFP (total ﬁlterable phosphate-P) at 14 sites, with the percentage values higher at
the more upstream and more northern sites. FHP exceeded 1000 mg.Lx1 P in 32 mid- and 53 lower-reach
records. The lower the TFP concentration, the higher the % FHP at both types of site. Five sites had over
25% of their records where FHP is likely to be especially important for growth of algae and bryophytes,
based on FHP being > 50 mg.Lx1 P when TFP j 200 mg.Lx1 P. These include the upper site on River Swale,
and other literature for this river indicates that FHP becomes increasingly important further upstream and
even more so in tributary streams. FHP should be included in monitoring programmes for upland rivers,
especially where the catchment includes peat-rich soils.
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Introduction
During the past twenty years, evidence has emerged
that organic phosphorus is often as abundant as, and
sometimes in excess of, inorganic phosphate in water and
sediment systems. Further, the organic phosphorus may
be much less refractory than previously supposed
(McElvie, 2005; Turner, 2005) and there is also considerable evidence for the use of organic phosphates by aquatic
organisms (Heath, 2005; Whitton et al., 2005). In the case
of cyanobacteria, eukaryotic algae and aquatic bryophytes
this evidence includes experimental studies on the ability
to utilize organic phosphates (Whitton et al., 1991), assays
of surface phosphatase activity of ﬁeld samples and
laboratory cultures and correlations between the occurrence of particular taxa and water in which organic
phosphate is probably the main form of phosphate
(Whitton et al., 2005; Mateo et al., 2010). Further, some
organic forms of phosphorus can break down quite
*Corresponding author: b.a.whitton@durham.ac.uk

rapidly in water (Denison et al., 1998) and analysis of
inorganic phosphate using standard phosphomolybdate
methodologies can include a signiﬁcant component due to
breakdown of organic phosphorus (Baldwin, 1998).
There are, however, few direct measurements of organic
phosphate in freshwaters. Most information in the literature depends on the assumption that it corresponds to the
phosphate fraction released by persulphate digestion of a
ﬁltered water sample, though this needs to be treated with
caution: see below. We will therefore refer to this fraction
as ﬁlterable hydrolyzable phosphate (FHP: Table 1).
Accounts of nutrients in aquatic biology journals usually
report either total phosphate (TP) or ﬁlterable reactive
phosphate (FRP), making it impossible to estimate ﬁlterable hydrolyzable phosphate. This is especially the case for
routine surveys by most water management organizations
in Europe, including many studies related to the Water
Framework Directive (Directive 2000/60/EC, 23 October
2000). This situation occurs for a number of reasons.
For example, there is the additional eﬀort (and cost) that
would be involved, there is instability of dissolved
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phosphorus after sample collection and rapid analysis is
required and also because of the complexity of phosphate
chemistry in water. Further, within a water management
setting, the importance of phosphorus enrichment from
sewage and agricultural sources with a high inorganic
phosphorus loading makes it the centre of attention and
especially for lowland areas where it is perceived that
the major problems lie. This is also underpinned by the
weak understanding of the biological use of the various
phosphorus fractions when it comes to implement legislation such as the Water Framework Directive.
In order to interpret the literature, some understanding
of the analytical methods is needed (Jarvie et al., 2002).
The method of phosphorus analysis is often based on a
colourimetric technique using phosphomolybdic acid
methodologies stemming from the work of Murphy and
Riley (1962). Based on procedures in manuals such as that
of the American Public Health Association (2005), a
ﬁltered, but otherwise untreated sample, assayed by this
procedure (ﬁlterable reactive phosphorus: FRP) is usually
treated as inorganic phosphate and the fraction released
by persulphate digestion (Lambert and Maher, 1994) as
organophosphorus. Note that the assay following persulphate digestion (total ﬁlterable phosphorus, TFP) is the
sum of FRP and FHP, the FHP being estimated as the
diﬀerence between TFP and FRP. FRP may, however,
include labile organic compounds (McElvie, 2005), while
FHP may also include condensed inorganic phosphates
(Denison et al., 1998). (See Table 1 for the original
terminology for P fractions used by other authors.)
Further, the separation between dissolved and particulate
fractions is deﬁned operationally, as the results are
inﬂuenced by the ﬁltration procedure. Even the ﬁlterable
phosphate fraction may include a colloidal component
(Haygarth et al., 1997) and there is a lack of information
on the diﬀerences among algae and bryophytes in their
ability to utilize this.
Studies on unpolluted upland streams in north-east
England draining peaty catchments have shown that FHP
often constitutes the major part of the ﬁlterable phosphate
in the water (Turner et al., 2003; Ellwood et al., 2007,
2008). In streams draining peaty catchments, the FHP
concentration is sometimes especially high for short
periods in spring, even reaching 1000 mg.Lx1 P near the
source in those dominated by the cyanobacterium
Rivularia, which shows high surface phosphatase activity
(Livingstone and Whitton, 1984) and can use organic
phosphates during growth in culture. Values almost as
high were found here during a study of the surface
phosphatase activities of mosses in the same streams in
1999–2000 (Turner et al., 2003). The literature on algal
and bryophyte studies reviewed by Whitton et al. (2005),
and also later papers quoted in the Discussion, shows that
there is a marked tendency for their surface phosphatase
activities to be higher the greater the percentage FHP in
the TFP fraction. This eﬀect is evident when comparisons
are made between sites in the same river sampled on the
same day or between months for a population sampled
from one particular site.

In order to obtain a broader view of the distribution of
phosphate fractions in ﬂowing waters in diﬀerent catchments we searched the literature for large datasets and
decided to re-assess a large dataset for UK Rivers which
does include FHP. This formed part of the Land-Ocean
Interaction Study (LOIS), which relates to eastern UK
Rivers entering the North Sea (Leeks et al., 1997). It did
not include upland streams, but did include data for the
middle stretches of rivers draining peaty catchments.
Detailed studies have been reported on many of the
chemical components of the water (e.g. Jarvie et al., 1998;
Neal et al., 2000a), but only limited assessment of FHP.
Jarvie et al. (1998) concluded that, whereas FRP showed
marked dilution with increased ﬂow, this did not occur
with FHP, so the ratio FRP:FHP decreases rapidly with
increasing ﬂow. FHP formed a higher proportion of TFP
in the northern rivers, which drain more agricultural/rural
areas, than in the southern urban/industrial rivers. The
authors also commented that there appear to be two
diﬀerent populations of points on a FRP versus TFP plot:
those which lie on a straight line close to unity and those
which, for a given TFP have much lower FRP concentration and thus a higher FHP concentration. A detailed
assessment (House and Warwick, 1998) of one of the
northern rivers, R. Swale, found that the ratio FHP:FRP
was particularly low in low ﬂow periods in October and
April. In contrast FHP formed a particularly high proportion of TFP during a storm event in February 1996.
The aim of this paper is to report and comment on the
results for the two phosphate fractions, FHP and FRP,
obtained during the LOIS project and to assess the
implications for future studies, especially biological surveys including routine monitoring.

Methods
Monitoring programme

An overall account of the LOIS project is given by
Leeks et al. (1997) and of the monitoring programme
by Neal and Robson (2000). Although this extended
from 1993 to 1998, not all the rivers were surveyed for
the same period. Two main eastern UK basins were
examined. The River Tweed (including a tributary, the
Teviot) on the England-Scotland borders has a largely
rural catchment (Robson and Neal, 1997). The Humber
has a range of rural, agricultural and urban/industrial
settings (Jarvie et al., 1998). During a late stage of the
LOIS the study was extended to three other rivers, data
for which are included here, the upper half of the River
Wear in northern England with a moorland catchment and
mining legacy (Neal et al., 2000b) and two lowland
agricultural rivers in southern England, the Great Ouse
(Neal et al., 2000c) and the Thames (Neal et al., 2000d).
Wherever possible, samples were collected in areas of
higher current speed to avoid dead-zones and obtain
more representative measurements. This usually involved
mid-river sampling at bridges.
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Table 1. Nomenclature of phosphorus fractions considered here and comparison with the original terms used in the literature
quoted. Abbreviations not explained in table: DHP = dissolved hydrolyzable phosphate-P; SRP = soluble reactive phosphate-P;
SUP = soluble unreactive phosphate-P; FOP = ﬁlterable organic phosphate-P; TDP = total dissolved phosphate-P.
Nomenclature
in this paper
Filterable reactive phosphate-P
Filterable hydrolyzable phosphate-P
Total ﬁlterable phosphate-P
Total phosphate-P

FRP
FHP
TFP
TP

Jarvie et al.
(1998, 2010)
SRP
DHP
TDP
TP

Middle and lower parts of the rivers were
monitored, which are denoted here as mid-reaches and
lower-reaches.
Dataset

A total of 2033 samples were obtained from 18 sites,
with 978 samples from mid-reach and 1055 from lowerreach sites. The totals for individual sites are shown in
Table 2. Nutrient input upstream of the mid-reach sites is
mainly rural and agricultural, whereas lower-reach sites
also include many domestic and often also industrial
sources. A broadly similar sampling programme was used
for most sites, but for various practical reasons the totals
for individual sites diﬀer slightly. Diﬀerent programmes
were used for the Rivers Wear, Great Ouse and Thames
leading to a reduced number of samples, but it was decided
to include the data in the overall analysis, because
sampling was done for at least a year and provided a
wider range of environments.
Analytical methods and terminology

Details of sampling, storage and analysis can be found
in Jarvie et al. (1998) and House and Warwick (1998), so
only brief details are given here. Samples were kept cool
and in the dark from collection to analysis. They were
ﬁltered either in the ﬁeld or on immediate return to the
laboratory with sterile 0.45 mm ﬁlters (Whatman cellulose
nitrate). FRP and TFP were usually measured on the same
day, the latter involving persulphate digestion by a slightly
modiﬁed version of Eisenreich et al. (1975). Where this was
impossible, persulphate was added immediately after
sampling and ﬁltration, and the sample was then stored
overnight in the dark at 4 xC, with analysis done the next
morning. Speedy analysis is important due to the need to
reduce possible changes (Jarvie et al., 2002), such as
hydrolysis of organic phosphates by phosphatases.
Phosphate was measured colourimetrically according to
Murphy and Riley (1962) with a 2- or 4-cm cell, which
gives a detection limit of about 7 or 3 mg.Lx1 P,
respectively.
Two sets of TFP (and hence FHP) measurements were
taken for the R. Wear. When TFP was not measured until
the next day a major portion of the FHP was lost,
although in absolute rather than percentage terms the

Nomenclature in literature
House and
Ellwood and
Warwick (1998)
Whitton (2007a)
SRP
FRP
SUP
FOP
TDP
TFP
TP
TP

Withers
et al. (2007)
DRP
DUP
TDP
TP

diﬀerences were less signiﬁcant. In the current study we
only use the data for where the TFP was measured on the
same day of sampling (Neal et al., 2000b).
The terms used to describe various phosphate fractions
in water are summarized in Table 1. A variety of terms
have been used in the literature for what are broadly
similar fractions. We use “ﬁlterable” here rather than
“soluble” to reﬂect that there may be colloidal fractions
that pass through the ﬁlters.

Results
The data for all P fractions are summarized in Table 2
where average, median, minimum and maximum values
are presented. The average and median values are highly
linearly correlated with intercepts statistically insignificantly diﬀerent from zero. For FRP and TFP the
gradients are insigniﬁcantly diﬀerent from unity
(1.01 ¡ 0.03, r2 = 0.992, and 1.00 ¡ 0.04, r2 = 0.986, respectively). However, in the case of FHP the median
concentrations are around a half of the average, the
gradient being 0.53 ¡ 0.04 (r2 = 0.918) but this barely
aﬀects the estimate for the average percentage FHP in
the TFP (Table 2). To simplify the text only the averages
will be referred to in the remaining script. FHP formed
20% or more of TFP at 13 of the 18 sites, although it
sometimes occurred at or below the detection limit for
individual measurements at all but two sites. The
percentage values tended to be higher in the mid-reach
and more northern sites, where the catchments have a
higher proportion of moorland and a much lower
population density. FHP exceeded 1000 mg.Lx1 P in
32 records for the mid-reach sites and 53 records for
lower-reach sites (3.1 and 4.6% total records, respectively)
(Table 3). In six of the mid-reach sites with high FHP,
FRP was < 200 mg.Lx1 P. FHP as % TFP became
increasingly more important the lower the value for TFP
for both mid-reach and lower-reach sites (Fig. 1).
In order to establish where FHP makes a high enough
contribution to TFP to be of potential importance
for growth of algae and bryophytes, a comparison
was made between sites for the number of records with
various combinations of FHP and TFP concentrations.
As an example, those with FHP >50 mg.Lx1 and TFP
< 200 mg.Lx1 are shown in Table 3. Five of the 18 sites, all
mid-reach, had over 25% records with this combination.
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Table 2. Summary of data on P fractions; concentrations in mg.Lx1 P. Sites are grouped as mid-reach and lower-reach according to
their predominant catchment and then arranged in approximate sequence from north to south and upstream to downstream. Value
for FHP as % TFP is estimated from mean of individual % values. n = number of records for site, avg = average, med = median.
FRP
med min

River, site
Mid-Reach
Teviot, Ormiston Mill
Tweed, Boleside
Tweed, Norham
Wear, Sunderland Br.
Swale, Catterick Br.
Swale, Thornton Man
Ure, Boroughbridge
Nidd, Skip Br.
Wharfe, Tadcaster

n

avg

max

avg

98
90
101
55
176
130
129
132
136

37
35
31
325
104
213
63
579
192

30
23
28
301
69
189
55
562
161

j3
j3
j3

38
23

128
272
85
944
1050
578
170
1687
466

53
44
68
64
105
66
131
171
116

Lower-Reach
Derwent, Bubwith
Ouse, Clifton Br.
Ouse, Acaster
Calder, Methley Br.
Aire, Beal Br.
Don, Sprotborough Br.
Trent, Cromwell Lock
Gt Ouse, Gt Paxton
Thames, Howbury Pk

118
131
127
128
140
129
126
46
303

147
224
371
1167
1102
1585
1726
1614
559

138
190
273
1156
1130
1548
1820
1697
418

26
37
47
49
72
38
235
222
80

370
875
1150
2699
2579
3505
3104
3165
2100

95
117
162
374
316
335
276
122
26

42
j3

29
j3

FHP
med min

max

avg

25
22
21
45
26
43
35
71
44

j3
j3
j3
j3
j3
j3
j3
j3
j3

1116
1176
1371
354
1709
1359
2031
1755
2292

89
80
99
389
209
278
194
751
309

40
47
55
208
180
191
178
75
18

j3
j3
j3

1606
1514
1823
1984
2215
2142
2246
703
433

242
341
533
1541
1418
1920
2003
1735
584

19
j3
j3
j3
j3
j3

TFP
med min

max

FHP % TFP
avg
med

58
50
53
343
100
251
94
705
243

j3
j3
j3
j3
j3
j3
j3
j3
j3

1188
1207
1395
964
1914
1566
2086
2476
2344

41
44
44
19
34
23
41
20
28

40
40
42
18
28
16
35
14
21

214
256
350
1504
1423
1918
2086
1880
444

j3
j3
j3

1713
1775
2928
4166
3666
4008
3694
3530
2116

30
25
25
23
22
17
14
7
6

23
18
19
18
16
11
10
5
4

19
j3
j3
j3
j3
j3

Table 3. Comparison of records to show the relative importance of FHP at each site.
I: Total records for TFP < 200 mg.Lx1 to indicate sites where the concentration of this fraction is low.
II: Total records combining FHP > 50 mg.Lx1 and TFP < 200 mg.Lx1 to show sites where FHP may make an important
contribution to phosphate supply for phototrophs.
III: Total records for FHP >1000 mg.Lx1 to indicate sites where this fraction is quantitatively important. “Upland” and “Lowland”
refer to the predominant catchment upstream of the site and not the site itself (i.e. correspond to Mid-Reach and Lower-Reach in
Table 2).

River, Site
Upland
Teviot
Tweed, Boleside
Tweed, Norham
Wear, Sunderland Br.
Swale, Catterick
Swale, Thornton
Ure, Boroughbridge
Wharfe, Tadcaster
Nidd, Skip Bridge
Lowland
Derwent
Ouse, Acaster
Ouse, Clifton Bridge
Calder, Methley Br.
Aire, Beal Bridge
Don, Sprotborough Br.
Trent, Cromwell Lock
Great Ouse
Thames

I
TFP j 200 mg.Lx1

Records
II
FHP > 50 mg.Lx1
when TFP j 200 mg.Lx1

III
FHP >1000 mg.Lx1

88
83
89
18
122
50
111
56
14

32
35
36
1
35
0
30
8
2

1
1
1
0
5
2
9
5
8

56
33
45
5
2
2
0
0
1

9
0
6
1
0
0
0
0
0

2
6
6
13
10
10
6
0
0
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DOC (mg.L–1)
–1

TFP (µg.L )

Fig. 1. Comparison of plots of FHP as % TFP versus TFP
concentration for mid-reach and lower-reach sites. Plots are
shown for TFP j 500 mg.Lx1 TFP to exclude outlier points and
show results for lower concentrations more clearly.

As FHP may contain a signiﬁcant organic phosphorus
fraction, the results were broadly assessed to see if FHP
correlated with dissolved organic carbon, remembering
that DOC contains many organic compounds, some of
which are likely to have phosphorus associated with them.
This was checked for the whole dataset and individual
river systems. In almost all cases there was no statistically
signiﬁcant relationship and the clearest case where there
might be a relationship was for the Swale (Fig. 2). Even
here there is scatter to the data and there seem to be two
linear features of diﬀerent gradient. Under baseﬂow
conditions a linear feature is found when only the bottom
10% of ﬂows for each of the LOIS monitoring points
is considered. In this case, a strong linear correlation
was observed (excluding occasional outliers for
FHP > 500 mg.Lx1) with a statistically insigniﬁcant
intercept:
FHPðmg:L1 Þ ¼ 23:1t3:1*DOCðmg:L1 Þ
r2 ¼ 0:452; n ¼ 84:
This line corresponds to a line passing through the data
cloud of steeper slope observed in Figure 2.

Discussion
The present data together with the literature show that
FHP is sometimes quantitatively important at upland,
mid- and downriver sites. FHP contributed 20% or more
to TFP at all but the most eﬄuent contaminated sites
(Wear, Trent, Great Ouse, Thames). For such sites it
seems satisfactory to assume FRP is an adequate indica-

Fig. 2. Plots of FHP against DOC for the Swale at a mid-reach
site (Catterick) and a lower-reach one (Thornton Manor).

tion of phosphate for most monitoring purposes, although
even in lowland contaminated systems FHP can remain
signiﬁcant (Neal et al., 2010). However, the large number
of records at mid-reach sites where FHP could have
relatively high concentrations at times (Fig. 1) and, in the
case of the Tweed, almost half the time (Table 3), means
that FHP should be included in surveys of these rivers.
FHP is likely to be most important to algae and
bryophytes when TFP is relatively low, such as occurred
at 25% records for ﬁve mid-reach sites, based on the
criterion of FHP being >50 mg.Lx1 at the same time as
TFP was j200 mg.Lx1 (Table 3).
Unfortunately, there are fewer data in the literature
about FHP at sites upstream of those considered in the
LOIS programme, yet this is where organic phosphate is
probably most important for phototrophs. One of the
diﬃculties in assessing phosphorus speciation, especially
when concentrations are relatively low, is the eﬀects of
sample degradation and storage (Jarvie et al., 2002).
Although there was an infrastructure within the LOIS
programme to ensure rapid analysis, this was not always
possible, especially for samples in remote upland areas.
In addition, weekly monitoring may well miss extremes.
In the absence of analytical data on the phosphorus
composition of FHP, the best evidence comes from the
organisms themselves. In the case of the R. Swale at
Catterick Bridge, which is 49.9 km downstream of the
source of the main river, FHP was on average 35% TFP
(Table 2). Surface phosphomonoesterase activity of two
moss species was about ﬁve times higher at a site 10.9 km
downstream of the source than at Catterick Bridge, which
is at km 49.9, suggesting the likelihood that FHP formed
a higher percentage of TFP at the former (Christmas
and Whitton, 1998). FHP formed 85 and 61% TFP in
two tributary streams entering the upper part of the
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river and surveyed monthly during 2000–2001 (Ellwood
et al., 2008). Subsequent to the LOIS programme,
several other studies have shown the importance of FHP
in rivers draining peaty catchments. Jarvie et al. (2008)
found a mean value of 55% TFP at a site on R. Taw
(Peterford Bridge) draining Dartmoor in South-West
England.
None of the upland sites in the present study where
FHP at times exceeded 1000 mg.Lx1 P were downstream
of an important source of organic pollution and it seems
probable that most FHP here originated from drainage of
peat or soils derived from peat. In the small streams in
Upper Teesdale (north of R. Swale upper catchment)
showing FHP values of about 1000 mg.Lx1 P in spring
(Livingstone and Whitton, 1984) the water combines
drainage from peat and underlying limestone. They were
all distant from human activity, apart from very low
density sheep grazing. The dominant phototrophs here
and at many other sites draining peat show high surface
phosphatase activity (Whitton et al., 1991, 2005), suggesting that much of the FHP here is organic phosphate.
Release of motile hormogonia (ﬁlaments) from colonies
of the cyanobacterium Rivularia takes place when the
ﬁlaments are P-rich in late spring following a period of
elevated phosphate at the Upper Teesdale sites (Whitton
et al., 1998) and probably also R. Muga draining the
Pyrenees in NE Spain (Mateo et al., 2010). However, there
was no seasonal pattern in the seven monthly values when
FHP exceeded 1000 mg.Lx1 P at the two R. Swale sites
(Table 3) during the LOIS study, so it remains unclear to
what extent seasonal changes in the concentration and
relative importance of FHP may be important for
phototroph growth here.
An extreme example of an organism whose competitive
success almost certainly depends on the presence of
organic phosphate is the diatom Didymosphenia geminata
(Whitton et al., 2009). Rivers and streams with
Didymophenia often drain catchments with peaty soils
overlying base-rich rocks, such as the one in the R. Swale
catchment where FHP formed on average 85% TFP
(Ellwood et al., 2008). It has been suggested that recent
increases in this diatom, reaching major nuisance proportions in some countries, such as south-east Poland
(Kawecka and Sanecki, 2003) and South Island of
New Zealand (Kilroy, 2004) may have been inﬂuenced
by increases in the concentration of organic phosphate
draining peat and other organic-rich soils (Ellwood and
Whitton, 2007). Dissolved organic carbon (DOC) is also
known to be increasing in upland areas of the UK
(Worrall et al., 2004), but the present study showed no
increase in FHP at R. Swale sites when DOC increased
(Fig. 2). The highest values for FHP all occurred when
DOC was relatively low and this matches the observation
across the sites of a positive correlation for baseﬂow
waters. DOC appears to be too crude a measure to have
any value in indicating the relative importance of organic
phosphate at sites, but it be worth assessing whether its
separation into coloured and non-coloured components
(Tipping et al., 2009) might give more information while

the use of newer approaches such as tangential ﬂow
ultraﬁltration will allow assessment of the colloidal
fraction.
The origin of FHP at downstream sites is less clear.
Presumably it includes FHP originating upstream, but not
yet used by organisms or hydrolyzed by soluble phosphatases in the water. Other potential sources include
drainage from agricultural soils and eﬄuents from sewage
treatment works (STW). A comparison (Jarvie et al., 2010)
of eight lowland stream sites draining diﬀerent types of
agricultural catchment found no systematic diﬀerence in
FHP concentration between high and low agricultural
intensity streams, whereas there was with FRP and TP.
FHP was, however, important at a site strongly inﬂuenced
by farm manure/slurry. In contrast, it seems probable that
modern sewage treatment eﬄuents have a relatively low
proportion of their P content as FHP. The mean value for
FHP in several Thames Basin eﬄuents during 2000–2009
was 9% TFP, although the range was 0–51% (C. Neal
and M. Neal, unpublished data based on 396 individual
% values). Neal et al. (2005) reported a value of 6.6% TFP
for an upstream eﬄuent in the Thames Basin, but subsequent phosphorus stripping at the STW led to a major
reduction in FRP, though little reduction in FHP and the
% value (but not concentration) therefore increased
(Neal et al., 2005). There is a lack of analytical data to
assess whether FHP is more likely to consist largely of
organic phosphate at upland or at lowland sites. For the
polluted sites especially, there is a need to examine if there
are chemical interferences in the FRP methodology that
might lower the response, such as highly reducing conditions that would be obviated in the persulphate oxidation step leading to FHP measurement.
It is clear that FHP should be included more widely in
routine surveys of water chemistry, especially in upland
regions. In turn there is a need for much greater understanding of the composition and dynamics of FHP in
rivers. This would require the development of a routine
procedure for measuring organic phosphorus, but excluding inorganic polyphosphate and colloidal fractions. The
approach should include a detailed comparison for different types of water of the inﬂuence of ﬁlter type and
porosity in order to assess whether there are characteristic
changes in composition on passing from upland streams
to an estuary. It would allow some critical issues to be
addressed. For instance, is there a steady decrease in the
relative importance of easily hydrolyzable organic phosphates in the total organic P fraction? If so, the decreasing
importance of algal and bryophyte surface phosphatase
activity on passing downstream might not just be due to
the higher concentration of inorganic phosphate available,
but also to FHP becoming increasingly refractory.
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